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EFFIGIENGY 





Ferodo clutch facings for the smooth transmission of power and 
Ferodo Brake Linings for its retardation, are two big factors in 
operating efficiency and economy. 

Co-efficients of friction to meet all operating conditions 
ensure positive drive and maximum braking. Exceptional anti- 
scoring properties and exceptionally long life are other vital 


characteristics. 


Therefore, by fitting Ferodo industrial friction materials you 
ensure maximum operating efficiency, coupled with the minimum 


of renewals. 





BRAKE & CLUTCH LININGS 
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‘WELLMAN 6 TON STRIPPER 
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WELLMAN 


Steelworks Plant 


One of two 6-ton Wellman Ingot 
















Stripping Machines designed for 
heavy duty, recently supplied to a 
leading British Steelworks. This new 








installation alse includes two 6-ton 
Vertical Ingot Chargers and three 
175-ton Wellman Ladle Cranes. 














Wellman Steelworks plant, which 
comprises the complete range of 






material handling appliances and nie ca 
Metallurgical Furnaces, is to be found Ae 
in the most efficient Steelworks in an a og 
all parts of the world. ' Y Ta 
. , oa $ 
; | > | 
z | || 







d 


THE WELLMAN SMITH OWEN ENGINEERING CORPN. LTD. 
PARNELL HOUSE, WILTON ROAD, LONDON, S.W.!1 WORKS: DARLASTON, SOUTH STAFFS. 
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FOR INCREASED TONNAGE-LONGER ROLLING LIFE 


















Illustrated is a pair of Adamite 
Alloy Indefinite Chill Finishing 
Rolls for 1%” to 2%” hexagons, 
17” centres x 31” barrel length. ; . 

Shore hardness 60/65°. = 





HEXAGONS, 
ROUNDS, OVALS, 





BILLETS, OR 
SMALL SECTIONS 


RENOWNED | 


BRITISH 


SPECIFY ADAMITE ALLOY 
INDEFINITE CHILL ROLLS 


Giving longer ultimate finish to the minimum diameter and 
superior resistance to flaking and fire crazing. Adamite Alloy 
Indefinite Chill is the ideal material for your work rolls. 


LIMITEL 
ROAC C R Eve 


CORPORATION 


London Office : $8 Victoria Street, S.W.1 
Telephone : Abbey 6407 


Operating Companies : 
R. B. TENNENT LTD., WHIFFLET FOUNDRY, COATBRIDGE, SCOTLAND. TELEPHONE: COATBRIDGE 425 





Cc. AKRILL LTD., GOLD’S GREEN FOUNDRY, WEST BROMWICH. TELEPHONE: WEDNESBURY 0225 
THOMAS PERRY LTD., HIGHFIELDS WORKS, BILSTON. TELEPHONE: BILSTON 41224 
BAYLISS ROLLS LTD., WESTON ROAD, CREWE. TELEPHONE: CREWE 3412 
M-W.79 
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MORGAN 


PRODUCER GAS 


1057 MORGAN GAS MACHINES HAVE BEEN SOLD OF 
WHICH 362 ARE OF THE LATEST HIGH CAPACITY TYPE 


EFFICIENT GASIFICATION UP TO 3 TONS PER HOUR 
GIVING CONSTANT FLOW OF UNIFORM QUALITY 


MINIMUM MAINTENANCE AND LABOUR COSTS 


THE INTERNATIONAL 


56 KINGSWAY - LONDON 


PHONE: HOLBORN 1871-2 





2 





MACHINES 


Other Specialities :— 
SOAKING PITS 
(ISLEY CONTROLLED) 
HOT METAL MIXER CARS 


MORGAN CONTINUOUS 
ROLLING MILLS 


TYPHOON ROTARY FLAME 
GAS BURNERS 


MILL FURNACES 
“ARCA” GAS PRESSURE REGULATORS 
MORGAN AIRJECTORS 


CONSTRUCTION CO. LTD. 


w.c.2 
GRAMS: SAHLIN, WESTCENT, 2 LONDON 
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ADAMSON-ALLIANCE CO LTD 
145, FENCHYVRCH STREET, CONDON, €.C.3 
In association with 
Joseph Adamson & Co. Ltd., P.O. Box 4, Hyde, Cheshire. 
The Horsehay Co. Ltd., Wellington, Salop. 
The Alliance Machine Company, Alliance, Ohio, U.S.A. 


THE ADAMSON GROUP 
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REFRACTORY CONCRETE 
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DRYERS & CORE STOVES 


tow 1 
sm) ues a on 
FOUNRATIONS * 





Send to-day for your copy of this useful chart 


This revolving Chart gives instant readings showing 


Fy Te (A @ Le a ON J the recommended mix of Ciment Fondu Refractory Concretes 


= 
4 
4 
nal 


(a mixture of Ciment Fondu and Refractory 


USELS Of 


Aggregates) to withstand any temperature from 400°C to 
KREIS ACLOIIES 1600°C. Its four sections show (a) uses, (b) aggregates, (c) temperatures 


and (d) recommended mixes. Full specification of 





each mix is given on the back of the Chart. 








LAFARGE ALUMINOUS CEMENT COMPANY LIMITED, 73 BROOK STREET, LONDON, W.1. Telephone: MAYfair 8546 








@ 3-1180 
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BRIGHTSIDE ROLLING MILLS... 


ROLL LATHES HOT AND COLD SHEi 




















A Brigntside 24” x 72" 
H Ri GHTS D E ; Intermediate Blooming Mill. 


THE BRIGHTSIDE FOUNDRY & ENGINEERING CO. LTD. 
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HOT AND COLD ROLLING Mil 
ROLLS FOR HOT AND COLD ROKLIN 







HOT SAWS AND REELS 
STEELWORKS PLANT AND AUXib 
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) SHEFFIELD |. P.O. Box I18. 
BS 36 
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S cr} erm ENGINEERING Co LTD 


MILFORD HOUSE . MILFORD. DERBY 


OPEN HEARTH FURNACES * SOAKING PITS * ROTARY HEARTH FURNACES * CONTINUOUS SLAB 
HEATING FURNACES * FORGING FURNACES * CAR TYPE FURNACES ° DIRECT-FIRED COVER TYPE 
FURNACES FOR COIL & FLAT SHEET ANNEALING. 


December, 1952 





JOURNAL OF THE IRON AND STEEL INSTITUTE 





IVI CANES S SEA VAVLEL: 


THOMAS MARSHALL & CO., (LOXLEY) LTD., Storrs Bridge Works, Loxley, Near Shefheld 


Telephone: Sheffield 43844 5. 











Marshall has over a period of years, developed a Research 
Department which enables the company to 

experiment with new materials and new methods 

of Refractories application. A scientific Staff is engaged 
in well-equipped laboratories, constantly 

developing Marshall Refractories so that the fullest 
possible service is given to the Steel and 

Metallurgical industries. 


These facilities for research assist in the manufacture of 
reliable, high quality products. Where practical 
problems in the use of Refractories are encountered 
Marshall offers the use of Technical Services and 
enquiries are invited. 


makes @2e@ refractories 


Telegrams: Marshall, Loxley, Sheffield. 
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“WE SHALL ORDER 
FURTHER VEHICLES 
OF THIS TYPE”... 


writes the Storage and Transport 
Branch of the Raw Cotton Commission. 











That handling adds cost but not value to the product is a simple truth. Cut 
down on handling time and you immediately save money. The development 
| of all COLES products has always been directed towards this aim. 

TRUCKS Letters testifying to the efficiency and reliability of COLES Trucks, Hoists 
K and Cranes come in regularly. We can show you how mechanical handling 
methods will effect economies and step up production in the handling of 

CRANES& YOUR loads. Please write for our descriptive literature. 
ELECTRIC designed, manufactured and marketed by 


HOISTS STEELS ENGINEERING PRODUCTS LTD. 


Mechanical Handling Engineers 
CROWN WORKS - SUNDERLAND - ENGLAND 


Telephone : Suaderland 56281 — Telegrams : Steel, Sunderland 
SALES & SERVICE 


BIRMINGHAM GLASGOW LONDON MANCHESTER NEWCASTLE 
23 Hall Street, 235 Bath Street, 6 Avonmore Road, 53 Sydney Street, 5 Saville Place 
Hockley CZ W.14 All Saints I 
T/5/14 
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GC Cons 


at THE STEEL COMPANY OF WALES LTD. 


TROSTRE WORKS 














The G.E.C. supplied the main 
if electrical plant and control 
gear for the pickle line. The 

973 h.p. totally enclosed, fan- 

~« cooled D.C. motors driving 
the pinch rolls at the end of the 

tank section are illustrated. 


1000 h.p. and 500 h.p. D.C. 

motors for the main drive 
and tension rolls of the first 
stand of No. | temper mill. 
The G.E.C. built all the 
electrical equipment for the 
two 2-stand temper mills at 
the Trostre Works. 





Consulting Engineers : McLellan & Partners 


* MAGNET HOUSE - 





KINGSWAY - LONDON : W.C.2 


December, 1952 














JOURNAL OF THE IRON AND STEEL INSTITUTE 


| L§c¢ 


PRODUCTS: 
BASIC PIG IRON 
FERRO-MANGANESE 


SIEMENS-MARTIN 
BASIC OPEN 
HEARTH STEEL 


TUBE STEEL 
RAILS 


WIRE RODS 








SECTIONS, 
ROUNDS, FLATS 


HAMMER-LOCK 
STRUTS 


MINE ARCHES 


HOT & COLD 
ROLLED HOOPS 


SASH & GLAZING 
SECTIONS 


IRON & STEEL 
CASTINGS 








BY-PRODUCTS 





THE 


LANCASHIRE STEEL CORPORATION 
LIMITED 


Telephone: 1600 WARRINGTON telegrams: LANCASTEEL 


WORKS: IRLAM & WARRINGTON 


LONDON OFFICE: Telephone: WHITEHALL 7515 
17 NORTHUMBERLAND AVENUE, Telegrams: 
TRAFALGAR SQUARE, W.C.2 LANCASTEEL, RAND, LONDON 
Associated Companies : 
THE PEARSON & KNOWLES ENGINEERING CO. LTD. RYLANDS BROTHERS LTD. WHITECROSS COMPANY LTD. 
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At Colvilles Clyde Ironworks, Glasgow, three — 


additional batteries of W-D Becker Coke Ovens have 


just been put to work. These three batteries, totalling 67 
ovens, have a daily coal carbonising capacity of 1,608 tons. 


The two original batteries were put to work in June 
1939 and January 1940 respectively. Since then they have 
been in continuous operation and their 68 ovens have 
carbonised over 6,300,000 tons of coal. The combined 
capacity of the five batteries is 3,242 tons of coal per day. 


THE WOODALL-DUCKHAM VERTICAL RETORT 
AND OVEN CONSTRUCTION COMPANY (1920) LTD. 


Woodall-Duckham House, 63-77 Brompton Rd., London, S.W.3 
’Grams: Retortical (Southkens) London - ‘Phone: KENsington 6355 (10 lines) 
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OSEPH ADAMSON 


ELECTRIC OVERHEAD TRAVELLING 
CRANES 









to all 





Built specifications, 
including cranes suited to 
the most exacting 24 hours- 
a-day process work, Joseph 
Adamson Cranes are gener- 
ously proportioned, easily 
maintained, and special 
attention is given to safety 
features which give the 
operator complete control 
over his load. 


gOSEPH ADAMSON & CO. LTD. 


°-O. 8B OX 4*> HYDE sr CHESHERE 


in association with 
Adamson Alliance Co. Ltd., 165 Fenchurch St., London, E.C.3 
Horsehay Co. Ltd., Wellington, Salop. The Alliance Machine Co., Alliance, Ohio, U.S.A 


THE ADAMSON GROUP 
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SHEETS 


BLACK & GALVANIZED | 
@ FOR ALL PURPOSES 



























































We make the widest Sheets and have the 
largest galvanizing baths in Britain 


Smith a McLean. Ltd. 


179 WEST GEORGE STREET, GLASGOW, C.2. 
Telephone: CENtral 0442 Telegrams: ‘CIVILITY’ Glasgow 
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THE HALL MARK 
OF GOOD DESIGN 
& CONSTRUCTION 


















All Priest Furnaces are special jobs, designed expressly 
” for their duty. They thus afford maximum output, 
S with great convenience of operation, and high fuel 
efficiencies. 


The illustration shows a complete solution treatment 
plant for aluminium and alloy sheets, for the British 
Aluminium Company Ltd. Clean hot air circulated at 
high velocity is used, with quench tank below, hoist and 
quench mechanism, loading cranes, conveyor and 
dryer. Capacity 1 ton of sheets per hour. 


PRIEST FURNACES LIMITED . LONGLANDS - MIDDLESBROUGH 


J ALSO AT TELEGRAPH BUILDINGS - HIGH STREET -: SHEFFIELD 
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MANUFACTURERS OF 


STEEL BLOOMS AND BILLETS 
STEEL SHEET BARS 

LIGHT RAILS 

SLEEPERS 


STEEL COLLIERY ARCHES and 
PIT PROPS 


PIG IRON 


BASIC, HEMATITE AND FOUNDRY 




















Works : 


CARDIFF, DOWLAIS, and BRITON FERRY 


On Admiralty, War Office and Air Ministry Lists. 





GUEST KEEN BALDWINS 
IRON & STEEL CO. LTD. 


LONDON OFFICE : HEAD OFFICE : BIRMINGHAM OFFICE: 


SHELL MEX HOUSE, 
VICTORIA EMBANKMENT, CARDIFF 17-19, EXCHANGE BUILDINGS 
W.C.2 
TELEPHONE TEMPLE BAR 2248 TELEPHONE 3055! TELEPHONE MIDLAND 0261 
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STEPHENS’ 


Super Grade 
Silica Brick 





FINE SILICA CEMENT FOR 
“SETTING SILICA BRICK 


WORKS COVER OVER STIGNIC CEMENT FOR BASIC 
9 ACRES OF GROUND 
STEEL LADLES 


KILN CAPACITY OVER m 


14 MILLION BRICKS 
SPECIAL FIRE CEMENTS for all 


purposes 
i 


STEPHENS’ SPECIAL ELECTRIC 
FURNACE ROOF BRICKS 


REGENN BRICK without doubt the best 
Brick for Soaking Pits, Checkers, and 
Regenerator Chamber Walls 


Stephens SILICA BRICK CO., LTD. 
KIDWELLY 


Telegrams :—STEPHENS, KIDWELLY. Codes :—ABC 4th & 5th Editions, 
Liebers & Marconi 


Telephone :—KIDWELLY No. | 
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GRAMS: Whitehead, Newport 











aot 
Rolled 
Steel 


HOOPS 
and 
STRIP 
BARS: 


Round 
Square 
Flat 





FERRO- 
CONCRETE 
BARS 

bent 

to 


specification 








BIRMINGHAM OFFICE: 
KING EDWARD HOUSE, 
NEW STREET, BIRMINGHAM, 2 


Telegrams : 
WHITEDSTEL, BIRMINGHAM 


Telephone: 
MIDLAND 0412-3 





Bright 
Drawn 
Steel 
Bars 


for all purposes 


SPECIALITY :-— 


WHISCO 


(REGD) 


BRAND, 


LONDON OFFICE : 
STEEL HOUSE, 
TOTHILL STREET, S.W.1 


Telegrams : 
WHITEDSTEL, PARL, LONDON 


Telephone: 
WHITEHALL 2984 
GLASGOW OFFICE : 

50 WELLINGTON STREET, C.2 


Telegrams : 
WHITEDSTEL, GLASGOW 


Telephone : 
CENTRAL 1528 


V/ 


PHONE: 3161 Newport 








@ece 


Rollec 
Stee 
Strip 


tn all qualities 
including 


Special 
Deep 
Stamping 
in 

cut lengths 
or coils 





Speciality : 
VERY 

HEAVY 
CONTINUOUS 
LENGTH 
COILS 








MANCHESTER OFFICE : 
CHRONICLE BUILDINGS 


Telegrams : 
WHITEDSTEL, MANCHESTER 


Telephone : 
BLACKFRIARS 3172 
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Branch Offices : 





NEWCASTLE.ON- Ty : 
GLAsSGow. 2! HOPE STREET, C.2 






MANSION HOUsE CHAMBERS, THE CLOSE 
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€ : 
SEARCH OUT YOUR SCRAP 
E OBSOLETE PLANT 70:DAY/ 


COLCVICCES EFO 9S WEST SEORSCE STREET CGLASGCOW C.2 
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DESIGN ror EFFICIENCY 





GIBBONS 


Designers & Manufacturers of: 


FURNACES AND HANDLING PLANT, 

GAS PRODUCERS, COKE OVENS, GAS 

WORKS PLANT, DRESSLER TUNNEL 
KILNS AND REFRACTORIES 


GIBBONS BROS. LTD., DIBDALE WORKS, DUDLEY, WORCS. 
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Scientific Resources 








behind the finished 
plant 

















In these and other buildings at Cheadle Heath are the laboratories and experimental equipment 
which play an essential part in the design of Simon-Carves coal preparation plants and the 
development of new and improved techniques. They provide facilities not only for routine 
mechanical and chemical testing but also for applied research and the pilot-scale operation of 


coal cleaning processes. 





Mtg, 


i! 
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“unut 
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» Simon-Carves Lid 


STOCKPORT ENGLAND 
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BROWN BAYLEY STEELS LIMITED 


rrave) BROWN \ mark SHEFFIELD 9 


BAYLEYS 


TELEGRAMS: BAYLEY SHEFFIELD 9 * TELEPHONE: SHEFFIELD 41031 


December, 1952 





JOURNAL OF THE IRON AND STEEL INSTITUTE 


ANNEALING FURNACES — 


Furnaces supplied and installed by The Salem Engineering Co. 
Lid. Instrumentation by Honeywell-Brown Limited comprised : 
five Strip Chart ElectroniK’ Potentiometer Controllers, five Strip 
Chart ElectroniK Recorders, one Switch Cabinet and special ther- 










mocouples. Installation of instruments and switch cabinet jointly 


by The Salem Engineering Co, Ltd. and Honeywell-Brown Ltd. 


BROWN INSTRUMENTATION 


FOR TEMPERATURE MEASUREMENT AND CONTROL 
THE STEEL COMPANY OF WALES LTD - TROSTRE WORKS 


‘United’ Cleaning and *Wean’ Pickling Lines equipment supplied by the United Engin- 
eering & Foundry Company of the U.S.A. in collaboration with John Miles & Partners 






(London) Ltd. Instrumentation by Honeyvwell-Brown Limited as follows: two separate 
panels, one for the cleaning line and-one for the pickling line, each similar and com- 
prising six Circular Scale ElectronikK Controllers and one Strip Chart Electroniky Re- 
corder. Layout and installation of instru- 
ments and panels jointly by John Miles & Part- 
ners (London) Ltd. and Honeywell-Brown Ltd. 





British Made Patent Specapcation 4 36,0y8 


om 8 om 8 | 


PICKLING LINE 


a a le a os ES SRR NR I mlb sie. et S sau soi Sd inion 


HONEYWELL-BROWN LIMITED 





HONEYWELL- BROWN 





1 Wadsworth Road + Perivale + Greenford Middlesex 
Works and Scottish Sales Offwe : Blantyre - Lanark + Scotland ¢ ADVANCED INSTRUMENTATION 
Affiliated Companies: AMSTERDAM, BRUSSELS, PARIS, STOCKHOLM, ZURICH 


December, 1952 
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how impressive 1s 39 inches ? 


Depends what you’re dealing in. A 
seven-year old boy of that height 

is nothing to shout about, a jump of that 
length is downright unimpressive and 
won't break any records; but a tube whose 
internal diameter is 39 inches! .. . 


Now there’s a thing and a very 








impressive thing. 

Only at Chesterfield are such impressively 
big tubes made. And bigness is not 

all. Chesterfield tubes are immensely 
strong. They’re solid drawn. No seam, 

no welds, no joints . . . and certainly 


no rivals. 





CHESTERFIELD 
tubes 


the heavyweight of the © Group 


THE CHESTERFIELD TUBE CO, LTD - CHESTERFIELD - ENGLAND 
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SPECIAL SHAPES 


for every refractory need 


Orders for special shapes and sizes of refractories present few problems to the Derbyshire 
Silica Firebrick Co., Ltd. whose extensive kilns and large reserves of raw materials 
enable them to meet all requirements of Derbyshire “S” (90% Silica) special shapes 


at reasonable notice. 











Derbyshire“‘S” brand refractories 
are well-known for their close, 
even texture, high resistance to 
spalling, adequate mechanical 
strength under load and con- 
stancy of volume at working 
temperatures. 

26 December, 1952 





DERBYSHIRE SILICA FIREBRICK CO., LTD. 
FRIDEN * HARTINGTON « NEAR BUXTON + DERBYSHIRE 
Grams; Silica, Friden. Hartington. — *Phone: Youlgrave 271 (3 lines) 











T.A.4613 
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N this country. we and our 
Group are:- 


one of the Oldest Concerns in our own line of 
business, having been Established in 1834 ; 


one of the Largest Manufacturers of Mobile 
Cranes ; 


oy NY Vo S the Largest Manufacturers of Iron Powders ; 





at the Very Top of the Scrap Trade ; 

the Largest Stockists of New and Secondhand 
Plant and Machinery ; 

foremost among Industrial Dismantling Contractors; 
one of the Largest Steelfounders ; 


one of the Foremost Structural and 
Reinforcement Engineers ; 


owners of the Largest Contractors’ Plant Hire Fleet. 


600 
ORGE“ COHEN 


SONS AND COMPANY LIMITED 


WOOD LANE, LONDON, W.12 - = Telephone : Shepherds Bush 2070. | Telegrams : Omniplant, Telex, London 
STANNINGLEY, Near LEEDS ~- Telephone: Pudsey 2241. Telegrams: Coborn, Leeds 


And at Kingsbury (near Tamworth) ~- Manchester - Glasgow - Morriston, Swansea - Newcastle + Belfast + Sheffield - Southampton - Bath 





F $33 GP? 
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More and more steelwork designers 


Save 


TIME, WEIGHT and MONEY 


by using Cargo Fleet 


BROAD FLANGE BEAMS 





with parallel Flanges 








rolled exclusively 


ose section; ; 
finest of its 


_.. the multi-putP 


CARGO FLEET IRON CO. LTD., MIDDLESBROUGH, STOCKTON-ON-TEES & LONDON. 
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BORING MACHINES - LATHES - DRILLING MACHINES - PORTABLE TOOLS - SLOTTING MACHINES 







PLANING MACHINES - MACHINE SHOP ACCESSQB SHEARING MACHINES 


RABS - EXCAVATORS 


LOCOMOTIVES - CRAK 












COMPRESSORS * PNEUMATIC TOOLS 


POWER HAMMER ENERATING PLANT 


WELDING PLANT WINCHES - HOISTS 








BOILERS - PANS - 
MACHINE TOOLS 


HYDRAULIC PLANT 


DUMPERS 





OVELS - 





FOUNDRY ACCESSORIES 
CONCRETE MIXERS - LADDERS - SCAFFOLDING 


STORAGE TANKS - FURNACES - CONVEYORS 








Whenever you require plant or machinery it is worth 
bearing in mind that WARDS might have just what you 
need—new, rebuilt or secondhand—in stock, available 
for immediate delivery at one of their many depots. 
The Albion Machinery Catalogue lists these holdings 
200 pages comprehensively describing our stock of 
machinery throughout the country. 
HAVE YOU HAD YOUR COPY ? 


























THOS W.WARD LID — 


ALBION WORKS - SHEFFIELD 


TELEPHONE: 26311 (22 LINES) +* TELEGRAMS: ‘FORWARD, SHEFFIELD’ 
LONDON OFFICE: BRETTENHAM HOUSE: LANCASTER PLACE « STRAND W.C.2 
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DIRECT 
HYDRAULICS 
IN HEAVY 
INDUSTRY 


THE PUMP IS THE HEART OF THE PRESS 














MODERNISE YOUR PLANT AND MAKE MONEY 


This 250 ton Flanging Press a\ Units are independent of 







is powered by Electraulic d by adioini 
Hak Seed Pameo— demand by adjoining presses 
Direct System 


“eee\\ Direct System is ideal for : Desired pressure immediately 
m= \\ shipyard work—in new available night and day 










installations or conversions 


Substantial economies in 
power consumption and 
maintenance 





Unaffected by frost and 
exposure 















THE DIRECT || 
HYDRAULIC | 







i: CT RAU L| Write for our Booklet 1.8.1: SYSTEM 
RECD. TRADE MARK THE DIRECT HYDRAULIC SYSTEM 4 By 






— 






ER TOWLER Mi Mak. 
Vwocins ethers Pate Amin 
ROULEY % Leas 















FOR MODERN DIRECT HYDRAULIC SYSTEM 








TOWLER BROTHERS (PATENTS) LTD., RODLEY, NR. LEEDS 





@ TR.39a 
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electrolytic 
recovery of copper 





FROM PICKLING TANKS 


x Re AREAL SS. 


PLANT DESIGNED BY 


This recovery unit is designed to work continuously from a 
pickling tank handling copper rods and tubes. The pickling 
liquor is pumped continuously from the tank through the 
recovery cells and thence back to the tank. It offers the 


following advantages :— 


A continuous recovery of copper. 
Continuous regeneration of sulphuric acid. 


Very low power consumption. 


The contact materials are lead and Keebush only, 
guaranteeing an extremely long life. 








Low capital cost. 


@ Uniform acid conditions and improved pickling control. 


Taade man® 


THE ACID RESISTING CONSTRUCTION MATERIAL 





Elimination of effluent disposal problems. 


KESTNER EVAPORATOR & ENGINEERING CO. LTD., 5, GROSVENOR GARDENS, LONDON, S.W.1 
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Craftinnen in Steel 


OLD IN SKILL—-NEW IN TECHNIQUE 












Craftsmanship need not necessarily mean hand craftsmanship, we at 
Lloyds are inclined to call it “ machinemanship”’, it being the ability to 
make modern machinery do a craftsman’s job. 

Machines are designed to speed a process, but it still requires an inherent 
skill in the operator to make a machine turn out a craftsman’s steel casting. 

No steel foundry in Europe is better equipped than Lloyds, with such a com- 
bination of machine efficiency and traditional human dexterity. 

Latest additions to Lloyds “ machine power ’’, installed to make castings 
even cleaner, are shown below; but, making these machines do their will, are crafts- 
men who have been steel founding for nearly 40 years. 









— RE 


A Se ROLE 











' we 2 : oe 

y = r COR aed x niinel ast ‘. 
TURNBLAST WHEELABRATOR. Greatly improved shot blasting process. Twin BURNING OFF TURNTABLE. Lloyds own patent burning off machine. Removes 
platforms enable continuous shot blasting to be carried out. heads and runners. Cutting flame can be accurately set and controlled. 

















POWDER WASHING. Iron powder passing through oxy-acetylene flame pro- HYDRO BLAST. Jets of sand and water pressurised at 2,000 Ib. p.s.i. blast 
vides a flux which combines readily with sand, to form a fusible slag. every recess or corner of the most intricate casting. 


sealed res carne 


F.H.LLOYD& CO.LTD., JAMES BRIDGE STEEL WORKS, WEDNESBURY, STAFFS «- TELEPHONE: DARLASTON 225 


A Print for industry Ltd. Advertisement 
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Ease of casting 
Good finish gor, 


Accuracy of shape S.G. [ron has : "%e 
Good machinability aarti 
pasisianes NT oll this and <a 
Rigidity o@ 
nore Viuctil uly COO nsti0 " 





Althovg') cast iron is such a useful material, its lack of strength and its 
brittleness have hitherto been serious limitations. But now the field of use- 
fulness has been greatly extended by the introduction of a new type of cast 
iron in which the flake graphite, the weakening constituent, is replaced by 
spheroidal graphite. In the tensile test, the Spheroidal Graphite Irons have 
a definite yield point preceded in the stress-strain diagram by the same kind 


of straight line relationship as is found in steels. 


Minimum properties which may be expected from three grades of S.G. iron in commercial 
production are as follows :— 











Maximum Stress t.s.i. Yield Point t.s.i. Elongation per cent. 
Pearlitic 37 min. 27 min. 1 min. 
Pearlitic/Ferritic 32 min. 24 min. 5 min. 
Ferritic 27 min. 20 min. 10 min. FLAKE GRAPHITE IRON 
(UNETCHED x 100 




















The process is the subject of patents and patent applications and The Mond Nickel 
Company Limited has granted a number of manufacturing licences. For the names of 


suppliers of S.G. iron castings, write to :— 


THE MOND NICKEL COMPANY LIMITED 


SUNDERLAND HOUSE + CURZON STREET - LONDON - W.1 Qs 
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CASTING CARS BY || Thornton 

































CAPACITY 80 TONS! 


Weight of car approx. 16 tons 





INGOT CARS 
BUILT BY 





The above photographs illustrate part of our order tor casting 
cars supplied to Messrs. Dorman Longs 


Manufacturers of all kinds of rolling stock, 
charging boxes, water-cooled equipment 
for furnaces, air and hydraulically operated 
gas and air valves, hydraulic presses and 
equipment for iron and steel works and 
rolling mills. 


LACKENBY WORKS 







55 TONS CAPACITY 





Charging box bogies fitted with roller bearings 
and automatic couplers. Net weight 4 tons 3 
cwts. to carry a load of 16 tons. 






55 ton casting 
cars fitted with 
roller bearings. Net 
weight 13 tons. 











B. THORNTON LTD., ENGINEERS, TURNBRIDGE, HUDDERSFIELD 
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* COKE AND COKE NUTS - 
HEMATITE & BASIC PIG IRON 
PLAIN & CHEQUERED —_— 
LIGHT SECTIONS <- ° 
* AND HOT ROLLED STRIP 
BLOOMS, BILLETS & a 
aa STEELS : ‘ 

. ; REFRACTORIES 





CONSETT IRON-CO. 


LIMITED 
CONSETT - CO. DURHAM - ENGLAND 











TELEPHONES: CONSETT 34! (10 LINES). TELEGRAMS: STEEL; PHONE, CONSETT 


December, 1952 
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BAR REELERS 


by HEAD WRIGHTSON 


sine 


ABS aaa FEA vies 
' MPARIGHTS: 





The fourth repeat order from 


ue 





customers in Great Britain and 
France indicates the satis- 
factory performance of Head 
Wrightson Bar Reeling 
Machines. The unit illustrated 
will straighten mild steel bars | 
from 3" to 2” diameter at high 
speeds. 


NOTE THE FEATURES .... (1) Ease of adjustment 
(2) Two-motor variable speed drive 


(3) Hardened steel rolls 


HEAD ny (4) Well designed flexible spindles 


WRIGHTSON 


(5) Simple robust construction 





FOR BAR, TUBE, 
SHEET AND STRIP 


MILL EQUIPMENT, 





Consult 


“= HEAD WRIGHTSON MACHINE C°L” 


COMMERCIAL STREET, MIDDLESBROUGH 





264—L 
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HOW 

ARE YOUR 
INDUSTRIAL 
ARTERIES ? 


Through the railway sidings of Britain flows 

the life blood of Industry—sidings are, indeed, 
indispensable partners of the Nation. 

Many firms, however, find their ‘“‘arteries’’ begin to 
“harden”’, either as a result of old age, or when, 

for example, they have to reduce the area of 

their sidings to accommodate extensions 

to their works, and increased output has to be handle 
by restricted traffic movement. 

If the track is becoming worn, a timely 

inspection by Summersons’ engineers may well save 
costly derailment at a later date. 

But where the efficient operation of sidings is 
threatened by space limitations or particularly heav 
traffic demands, Summersons manufacture special 
designs to meet these exacting requirements. 

An example of Summersons’ experienced 

designing for limited sites is the siding at Croydon 
Power Station. Here, space was greatly 

restricted, yet Summersons contrived a Scissors 
Crossover, two end units of which were 

formed of Tandem Turnouts, which small part of th 
whole layout, passed traffic marshalled in 

seventeen different roads ! If you have reason to 
doubt the “ health” of your sidings. . . 


SEND FOR 
SUMMERSONS 


LTD., DARLINGTON, CO. DURHAM. PHONE: DARLINGTON 5226 AND AT 5A DEAN’S YARD, LONDON, S.W.1. PHONE: ABBEY 136 


A Print for Industry Ltd., Advertisemer 
December, 1952 
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~ Open- hearth furnace automatic contrat 
by TINSLEY 







































\ 
to 
andle: 
ive 
hea\ 
] 
: One of the EIGHT pressurised control cubicles at the new 
steel works of Messrs. John Summers & Sons Ltd. 
of th et 
CONTROLS: 3 Roof Temperatures. Furnace Pressure. Max. Gas. Max. 
Oil. Oil/Steam ratio. Oil/Gas ratio. Total Fuel/Air ratio. Full 
Automatic Reversal. 
MEASUREMENT: Roof Temperature. Bath Temperature. 
Furnace Pressure. Oil, Gas, Steam and Air Flows. Oil 
— | i and Steam temperature. Oil, Steam and Gas pressure 
| , Chequer temperature. 
7 T 1 T T T 
TINSLEY (INDUSTRIAL INSTRUMENTS) LIMITED 
NORTH CIRCULAR ROAD, LONDON, N.W.10. Tel. ELGar 6081 
ry 136 
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... AN OUTSTANDING DEVELOPMENT IN ARC REGULATION TECHNIQUE 





G.W.B. Electric Furnace 
Ltd. are now marketin; 





throughout the Britis! 
Commonwealth and certai! 
other countries, Arc Fur- 





naces manufactured either | 
by Ing. Leone Tagliaferri & 
C-S.P.A., or by G.W.B. it 
the United Kingdom fol- 
lowing the world-renownec 
Tagliaferri designs. Rele- 
vant processes include iron 


~~ 


ore reduction, cast iron 
melting and refining, steel 
and ferro-alloy production, 
while furnaces can be sup- 
plied for calcium carbide, 
carborundum, alundum 
and corundum production. 


The Tagliaferri patented system of Arc Regulation is acknowledged to be 
a great advance resulting in— 


LOW POWER AND ELECTRODE CONSUMPTION. 
HIGH SENSITIVITY OF CONTROL, 
LOW MAINTENANCE COSTS. 
HIGH METALLURGICAL PERFORMANCE, 


Three types available:— FIXED ROOF: REMOVABLE 
HEARTH*: REMOVABLE ROOF*: *Top Charging Types. 


G.W.B. ELECTRIC FURNACES LTD., Dibdale Works, DUDLEY, WORCS. 


|! TAGLIAFERRI | 


M-W.309 





PROPRIETORS: GIBBONS BROS. LTD., AND WILD-BARFIELD ELECTRIC FURNACES LTD. 
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Coke Ovens at the Margam Works of 
The Steel Company of Wales Limited, Port Talbot 


; ie produce the extra coke required for the newly built and bigger 
Blast Furnaces at Margam Works, 90 new ovens have been installed. 
Together with the 54 ovens erected in 1939 these produce 15,000 tons 
of coke per week requiring some 22,000 tons per week of coking coal 
from the local Welsh Valleys. Coke Oven gas from this plant is used for 
heating purposes in the Margam and Abbey Works and a substantial 
amount is also supplied to the Wales Gas Board for use in the 


surrounding area. 


HOME SALES 
(Mild Steel Flat Rolled Products) 


RTSG HOME SALES LIMITED 
47 PARK STREET, LONDON, W. 


EXPORT SALES 
Mild Steel Flat Rolled Products) 


RTSC EXPORTS LIMITED 
47 PARK STREET, LONDON, 








W.1 
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STEEL SHEET 


Se 








ANGLE SHEET 


Whichever type of Metalkase brick meets with 
your specification can be made available to you. 


Metal sheet jointing offers these advantages— 


CHANNEL 


Labour saving—easily applied. 
Cleanliness—no messy mortar mixtures. 


Saving in expensive basic cements. 


Uniformity of shape and size. 


©oo0 06 © 


Sound fused joints, resulting in mechan- 


ically stronger monolithic structures. 


METALKASE 


Address all enquiries to: 


THE OUGHTIBRIDGE SILICA FIREBRICK COMPANY LTD 


A SUBSIDIARY OF THE STEETLEY CO. LTD. 


OUGHTIBRIDGE near SHEFFIELD 
Telephone : OUGHTIBRIDGE 40804 Telegrams : SILICA PHONE, OUGHTIBRIDGE 
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AT S'C:O'W, TROSTRE 











_ ON THE WORK ROLLS 


The sectional drawing shows a typical application of Timken tapered- 
roller bearings to the work rolls of a 4-high mill. 
Similar installations are used on the 5-stand tandem cold mill and the 


temper pass mills of the Steel Company of Wales at Trostre. 


a TIMKEN 


tapered-roller bearings 


REGD. TRADE MARK: TIMKEN 


BRITISH TIMKEN LTD., DUSTON, NORTHAMPTON ; & BIRMINGHAM 


Telephone: Northampton 4921/8 Telegrams: Britimken Phone Northampton 
Subsidiary Company: Fischer Bearings Company Limited, Wolverhampton, makers of FBC ball and roller bearings, etc. 
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Large sheet mills such as this are typical of the - 


The above Photogra 
installed at Messrs, § 


Licensees for the building 


BEDFORD 
W.H. A. ROBERTSON & CO. LTD., 
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With the new range of MORGAN Insulating M I 

Refractories it is possible to save at least 50% 

(and sometimes 80%) of your heat losses. Light [INSULATING REFRACTORIES 
in weight, and with low conductivity and high Fi \ 
hot strength, MORGAN M.I. Insulating Refrac- 
tories show substantial savings in use. With 
MORGAN M.1., insulation is possible at higher 
working temperatures. They are specially recommended as hot face linings * High Insulating Value 





for intermittent furnaces where their low heat capacity increases throughput. * Low Heat Capacity 
Available in two grades :- * Stability at High 
, Temperatures 
M.I.26 operating up to a temperature of 2,600°F (1,427°C) : : 
x Resistant to Reducing 


M.I. 28 ” ” ”» 9%» 33 be) 2,800°F (1,538°C) Atmospheres 


"MORGAN CRUCIBLE couraxr aro 


BATTERSEA CHURCH ROAD -: LONDON : S.W.II 
TELEPHONE: BATTERSEA 8822 TELEGRAMS: CRUCIBLE, SOUPHONE, LONDON 
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Rolling transformer sheets on the mechanized mill at 
the Panteg Works of Richard Thomas & Baldwins Ltd. 
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You have, we hope, already turned in all the | 

obvious scrap lying about your yards as discarded and 
broken parts; what about the huge tonnages 

existing in the form of outworn and unused machinery 
in the shops, obsolete stores, spares collected over the years, 

which will never be used again? 

Give someone authority to scrap these—ample supplies of scrap must 


reach the steel makers if you are not to go short of steel. 


* SPEED THE SCRAP 


—SPEED THE STEEL 











THE UNITED 





COMPANIES Lt? 


THE UNITED STEEL COMPANIES LIMITED SHEFFIELD 


STEEL PEECH & TOZER, SHEFFIELD, SAMUEL FOX & CO. LTD., SHEFFIELD. APPLEBY-FRODINGHAM STEEL COMPANY, SCUNTHORPE, LINCS. 
WORKINGTON IRON AND STEEL COMPANY, WORKINGTON. UNITED STRIP & BAR MILLS, SHEFFIELD. UNITED COKE & CHEMICALS CO. LTD, TREETON 





mMSCI4 
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“XL” ALLOY 
STEEL BASE 
ROLLS 


HARDNESS RANGE: GRADE “A "’ - 45/50° SHORE 
rae GRADE ‘'B"’ - 38/45° SHORE 





for longer runs 
in the mill 


Where “XL” Steel “ 
Base Rolls have re- 
placed grain iron rolls, 
tonnage increases from 
100% to 400% and more 
have been obtained, ee 
according to the type of 

section being rolled. 

Two qualities of these 

rolls are made—both up to 

a maximum finished weight 

of 20 tons. “‘A’’ quality isa 

harder type specially suitable 

for finishing, with a hardness 

of 45-50° shore. ‘‘B’”’ quality, 

of lower carbon content, is 

specially heat-treated to give 

a milder roll but with con- 

siderably increased tough- 
ness—particularly suitable 

for intermediate and 

roughing duties, and 

for finishing where ; 

roll contours call for 
Be special strength. 





DAVY ano UNITED : Roll ce, —r 


- ‘ BILLINGHAM,CO. DURHAM 
Subsidiary of DAVY AND UNITED ENGINEERING COMPANY LIMITED, SHEFFIELD 
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For complete details send for 
Publication No. 101, 
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Effect of Residual Stresses on Yielding and 


Strain-Ageing of Carbon Steel 


By N. H. Polakowski, Dipl. Ing. 


SYNOPSIS 


Strain-ageing of carbon steel of ordinary quality is characterized by a rise in strength, a fall in ductility, 


and by the return of a discontinuous yield point. 


It is shown that the last effect is considerably retarded or 





even practically suppressed when the aged steel contains large residual stresses created by previous inhomo- 
geneous deformation such as cold-drawing, torsion, reduction-rolling, or surface-rolling. Relief of these 
stresses by additional plastic extension or compression, or by machining-off the periphery in the case of 
surface-rolled rods, causes an abrupt yield point to appear rapidly again, irrespective of the kind and degree of 











cold-working received originally. 


Other changes associated with ageing, such as increase of strength and 


loss of ductility, are apparently not retarded by the presence of residual stresses. 

While differing in intensity from one case to another, the effect of residual stresses on the yield-point 
behaviour is fundamentally the same in low- and high-carbon steel (0-05-0-72°% C), whether Bessemer or 
basic open-hearth, including also aluminium- and vanadium-treated commercial non-ageing material. 

A tentative explanation of the facts is given without prejudicing the precise nature of the fundamental 


mechanism of the yield-point phenomenon. 


Consideration is given to the bearing of the present findings 


on some problems of practical interest encountered in the manufacture and forming of steel sheets. 


residual stresses left in carbon steel after plastic 

deformation at room temperature on its mechani- 
cal properties after ageing. Such stresses are induced 
by industrial forming processes, such as drawing and 
rolling. 

It appears!—> that this problem has not yet been 
specifically investigated. Some pertinent observations 
have been made,*-? but neither the experimental 
results nor the theories based thereon were the same 
in each case, nor were they related to the action of 
residual stresses (7-stresses). 

The experiments reported below show that the state 
of r-stress inside a piece of steel has a profound influence 
on the yield-point behaviour of the strain-aged 
material. In particular, by introducing r-stresses in 
the metal it is possible to retard considerably the 
return of an abrupt yield point upon subsequent 
ageing; and conversely, a relief of these stresses by a 
suitable mechanical procedure immediately accelerates 
the recurrence of a discontinuous yield. 

This observation offers a simple practical criterion 
for the conditions in which stretcher strains are more 
or less apt to recur on steel when pressed after initial 
cold-working followed by ageing (for example, during 
storage). Fundamentally, this criterion applies to 


ie paper is concerned with the effect of large-scale 
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both low- and high-carbon steel, whether of ordinary 
or non-ageing quality. It seems also to hold in cases 
when the r-stresses are produced by quenching steel 
near the A, temperature (quench-ageing). 


INDUCEMENT AND RELIEF OF RESIDUAL 
STRESSES 

Metals deformed by uniform tension or compression 
can be regarded for all practical purposes as free from 
macroscopic residual stresses. All other deformation 
methods result in inhomogeneous distortion across 
the section and thus create r-stresses. Some typical 
patterns are displayed in Fig. 1. 

Plastic torsion (curve a) leaves the core in axial 
tension and the periphery under compression. Draw- 
ing through a die may result in either a or 6, depending 
on the diameter of the rod, die geometry, and draft.® 
Flat rolling produces a system of longitudinal r-stresses 
similar to that caused by drawing, the governing 
factors being strip thickness, roll diameter, and draft. 
Surface-rolling or shot-peening generate compression 





Manuscript first received 23rd June, 1952, and in its 
final form on 6th August, 1952. 

Mr. Polakowski is an I.C.I. Research Fellow at the 
Metallurgical Department, University College, Swansea. 
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Fig. 1—Residual-stress patterns (in longitudinal direc- 
tion) caused by torsion (a), drawing through a die Or 7 
(a, 6), and surface-rolling (c). (Diagrammatic) | 
stresses in the surface layers and balancing tension 
farther inside (c). 
These body stresses can be reduced or nearly (b) 
eliminated by exposing the metal to elevated tempera- ° 4 
tures for a suitable time interval. However, tempera- EXTENSION, in. on 4ine 
tures up to 400° C. are rarely effective in this respect 
on steel, particularly with more than 0- 15-0-20% Specimens 1-6 normalized before subsequent working and ageing 
of carbon. On the other hand, macro r-stresses can 1: As normalized | 
be conveniently relieved by mechanical means, for 3: Extended 7:59" 
1 j m 4: 45° twist per inch 
example, by subjecting the cold wrenneed rod or sheet 5: 45° twist ber inch + extended 2-5% 
to plastic extension or compression.® ® Reeling or 6: Extended 5% + 22° twist per inch 
4 ‘ 0 8, 10 
surface drawing (< Yo draft) map be used as Specimens 7-13 fully annealed before subsequent working and ageing 
alternatives, although these methods do not always vridtaietnieads 
give consistent results. Finally, machining-off the 8: 22° twist per inch 
. . . . ¢ +4 ly 9.50/ 
outer layers of a stress-containing cylinder will also Bs 22° twist per jach 
cause the r-stresses to fall in the reduced section. 11: 22° twist per inch + extended 1-9% 
; . 12: 34° twist + extended 1-25% 
When the r-stresses are induced by surface-working 13; Extended 2-5% + 22° twist per inch 
and comply with pattern (c), removal of even a asiees Poiaaaie 
relatively thin layer should result in an almost stress- cee = 
2-4: 30 min. at 100°C. ’ 
free core. 5 and 6: 15 min. at 100°C. 


9-13: 1 hr. at 100°C. 


EXPERIMENTAL MATERIALS AND PROCEDURE 
Fig. 2—Effect of extension, torsion, and a combination 




















Experiments were carried out on the commercial- of both, on tensile properties of 0-25-in. dia. carbon 
quality steels listed in Table I. steel rods. Ageing treatment as indicated 
Table I 
ANALYSES OF CARBON STEELS USED IN THE EXPERIMENTS 
Steel | Cc, % Mn, % Si, % Ss, % P, % I al 
Rod 
T005 0-052 0-51 ee 0-026 0-039 0-0185 N 
T009 0-09 n.d. n.d. n.d. n.d. n.d. 
BO12 0-12 0-87 sce 0-197 0-096 n.d. 
S007 0-073 0-52 ix. 0-024 0-017 n.d. 
S008 0-08 0-34 am 0-030 0-013 n.d. 
S012 0-12 0.45 tr. 0-032 0-012 n.d. 
S014 0.14 0-52 tr. 0-045 0-021 n.d, 
S018 0-18 n.d. n.d, n.d. n.d. n.d. 
S059 0-59 0-76 tr. 0-033 0-010 n.d. 
S072 0-72 0.54 rr. 0-014 0-012 n.d. 
Sheet 
S005 0-05 -28 0-025 0-005 0-13 Cu, 0-06 Ni 
A008 0-08 0-37 0-029 0-019 Al (% n.d.) 
V006 0-055 0-26 0-023 0-009 0-038 V 
n.d. = not determined 
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The following suffixes describe the condition of the 
material before the experiments: 


a—fully annealed n—normalized 


s—spheroidized p—subcritically annealed 

d—as cold-drawn t—as temper-rolled 
and the following prefixes refer to the method of 
steel manufacture: 

S—basic open-hearth 

B—Bessemer (acid) 

T—Thomas (basic Bessemer) 

A—aluminium-killed basic open-hearth 

V—vanadium-treated rimming open-hearth 
Thus, for example, S008p would indicate basic open- 
hearth material with 0-08% of carbon, subcritically 
annealed after initial cold reduction. 

Experiments with rods were generally carried out 
on material of 3, or } in. dia. Larger sections (4-3 in. 
dia.) were used in tests involving compression. Sheets 
0-035 to 0-038 in. thick were available either skin- 
passed or subcritically annealed, and, when necessary, 
were temper-rolled on a laboratory mill with 6-in. 
dia., polished, dry rolls. 

The experiments consisted in producing r-stresses 
in the specimens by various methods of cold working, 
followed by ageing at various temperatures, with and 
without interconnected mechanical stress-relief opera- 
tions, such as extension, compression, or surface 
machining. Afterwards the specimens were pulled to 
destruction on a motor-driven 5-ton Amsler weight 
pendulum machine, taking autographic records on a 
4.in. gauge length. Compression tests were performed 
on a larger, hydraulically driven Amsler machine by 
using a 25-ton scale. 


RESULTS OF EXPERIMENTS WITH RODS 
Torsion and Tension 
Two typical sets of extensometer records are given 


in Fig. 2. Curves 2 and 3 of specimens extended 
3-75 and 7-5% respectively show pronounced yield 
points after heating at 100°C. for 30 min., whereas 
curve 4 remains smooth. 

The author has already shown elsewhere’ that a 
much more severe ageing treatment is needed to 
produce a ‘step’ on the extension curve of an 
originally twisted wire, than afterinitial pre-stretching. 
However, it has now been found that this remarkable 
immunity against ‘jogging’ at the yield point is 
immediately annulled when the twisted specimen is 
given a small additional] stretch (Fig. 2, curve 5). 
On the contrary, a slight torsion following initial 
extension causes the specimen to behave upon ageing 
as if it were twisted only (curve 6). 

Hence a wire deformed by torsion behaves from 
this particular viewpoint as being to some extent 
non-ageing. At the same time, other changes associated 
with ageing, such as increase of hardness and tensile 
strength, and fall of ductility, take place in the usual 
way. This is clear from a comparison of curves 1 and 
4, or 8 and 10. 


Drawing and Tension 


Cold-drawn steel wires or rods have smoothly 
rounded extension diagrams even after years of 
storage at normal temperature. Many curves of this 
type obtained afresh after drawing and also after 
subsequent ageing at various temperatures were given 
in a paper by Balicki.1!_ His results refer to Armco 
wires drawn from 14 to 94% and it was thought worth 
while to make similar experiments by using lighter 
drafts followed by ageing, with and without inter- 
mediate stretching. The results (Fig. 3) are qualita- 
tively equivalent to those in Fig. 2. 

Heating a freshly drawn wire of low-carbon steel 
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EXTENSION, in. on 4in. 
Specimens 1-14 in the as-drawn condition before subsequent working and ageing 
1: As drawn 8: Extended 3-75% and aged for 15 min. at 100° ¢ 
2: Aged for 15 min. at 100°C. 9: As drawn 
3: Aged for 1 hr. at 250°C. 10: Aged for 30 min. at 250° C. 
4: Extended 1-25% and aged for 15 min. at 100°C, 11: Extended 1-25% and aged for 30 min. at 250°C. 
5: As drawn 12: Aged for 30 min. at 350° C. 


5 
3: Aged for 15 min. at 100°C. 
7: Extended 1-25% and aged for 15 min. at 100°C, 


13: Extended 1-25% and aged for 30 min. at 100 
14: Extended 1-25% and aged for 30 min. at 350° C 


Fig.’ 3—Effect of drawing, with or without subsequent extension and ageing, on tensile properties of originally 
; 0.25-in. dia. carbon steel rods 
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for only 15 min. at 100°C. causes the ductility to 
decrease considerably and the ultimate tensile strength 
to increase (Fig. 3, curves 2 and 6 versus 1 and 5), 
but without restoring a discontinuous yield point. 
Even a treatment of | hr. at 250° C. is ineffective in 
this respect (curve 3). However, if the drawn wire 
receives a small extension, a light ageing brings about 
a sharp yield point with the usual horizontal platform 
(curves 4, 7, and 8). It was not possible to establish 
the cold reduction received by S059d, but it is believed 
that this was not more than 10% (high-carbon silver 
steel is usually drawn about 7-8%). The response of 
50080 S059d to ageing, or stretching plus ageing, is quite 
similar to that of the low-carbon material. 























LOAD, tons 
(e) 


Bending, Surface-Rolling, Tension, and Surface- 
Machining | 

Bending over cylindrical patterns of various dia- 
meters (Fig. 4) was accomplished by hammering the 

soft rods with a light mallet to prevent sharp local 

bends. After straightening, one rod was immediately 
tested in tension, whilst another was aged for 30 min. 
at 100° C. before the tension test. Reversed bending 
eliminates jogging in the yield region, leaving only 
a residuum in the form of a slight inflexion, con- 
cave to the load axis (curve 2). With a more drastic 
ae bend over an 8-in. dia. instead of 36 in., even this 
iSpecimens 1-14 fully annealed before subsequent working and ageing residuum disappears, although a change in slope at 
; be ran A ne a the beginning of the plastic range is still noticeable 
: Sh cutve © and aged Sor 99 min. a6 100° 0. in curves 4 and 13. In either case, mild ageing 
Bent over 8-in. dia. and straightened out : j ; a ‘ eo 
As curve 4 and aged for 30 min. at 100°C. brings back the discontinuous yield (curves 3, 5, 
penta gg ee ee ee 14), suggesting that the residual stresses left in a | 
poked round, thin rod after a reversed bend over an ample | 

10: Surfacerolied 224g. | scoec radius are insignificant. There is no difference between 

12: As curve 10 + extended 2-5% and aged for 30 min. at 100°C. the behaviours of the high-nitrogen Thomas steel and 

Th eels pa ae the open-hearth steel (curves 3 and 5 versus 14). 

Surface-rolling was performed with a special Amsler 

Fig. boesaragiat ein uonebecees on nsdn device containing a slightly skewed roll with a 0-5-mm. 
ageing, on tensile properties of ;-in. dia. low- Contour radius. The setting was adjustable; the load, 

carbon rods applied to the roll was indicated on a dial gauge 
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EXTENSION, in. on 4in. 


Specimens 1-6 normalized before subsequent working and ageing Specimens 7~12 spheroidized before subsequent working and ageing 
: As spheroidized 





1: As normalized ce dized ee PO 

2: Extended 3-75% and aged for 15 min. at 100°C. i ~s- 887 HLF, = ane - 4 = - =, 5 

‘ ~ g % : 9: Ey 3°75% age : - at 2 : 

3: Surfac o-rolle a 00 ky. r oc 10: Surface-rolled 50 kg. and aged for 1 hr. at 200°C, 

4: As curve 3 and aged for 1 hr. at 100°C. Cae : 11: Surface-rolled 50 kg. + extended 2-5% and aged for 30 min. 

5: As curve 3 + extended 2-5% and aged for 15 min. at 100°C. at 200° C. 

6: As curve 3 + machined to 0-227 in. dia. and aged for 15 min. at 12: Surface-rolled 50 kg. + machined to 0-223 in. dia. and aged for 
100°C. 30 min. at 200°C. 


Fig. 5—Effect of surface-rolling, with or without subsequent extension or machining-off the periphery, and ageing, 
on tensile properties of 0-25-in. dia. low- and high-carbon steel rods 
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and is given for curves 6, 8, 9, and 10 in Fig. 4. what similar to that found on temper-rolling soft steel 
ctility to The effect of increasing severity of surface-rolling strip (see Fig. 8a). Also, the influence of surface-rolling 
strength on the yield-point behaviour (curves 7-10) is some- on the rate of recurrence of abrupt yielding is much 
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Fig. 6-—Ageing and yield-point phenomena in low-carbon steel after large deformations by torsion or drawing, 
with and without subsequent compression 
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EXTENSION, in. on 4in. 
Specimens 1-7 temper-rolled before subsequent working and ageing 
id ageing 1: Temper-rolled only 
2: Rest for 2 days 
3: Extended 2-5% + rest for 2 days 
4: Rest for 7 days 


: Extended 2-5% + rest for 7 days 
5: Aged for 1 hr. at 75°C. 
: Extended 2-5% and aged for 1 hr. at 75° C. 


* 30 min. 


| aged for 
Fig. 7—Behaviour of originally 1% temper-rolled low-carbon steel sheet, with or without subsequent extension 
ageing, and ageing 
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more permanent than that of bending (curves 6 and 
11). At the same time, all other mechanical properties 
of curve 10 have altered after ageing in the usual way, 
independently from the yield-point behaviour (curve 
11). Equivalent changes occurred with the steel 
T005a (curve 6), but a small stretch following rolling 
causes a discontinuous yield point to reappear 
(curve 12). 

Figure 5 contains typical results from rods which 
were either surface-rolled only or surface-rolled and 
machined to the diameters indicated, and afterwards 
aged. As expected, removal of the outer layers 
eliminated the bulk of the r-stress (cf. Fig. 1, curve c) 
so that a yield discontinuity could readily return upon 
gentle heating (Fig. 5, curves 6 and 12). The remaining 
curves are self-explanatory. 


Discontinuous Yielding of Heavily Work-Hardened 
Steel 


There seems to exist some hazy opinion that abrupt 
yielding cannot occur in steel severely cold-worked by 
rolling, drawing, etc., unless it is heated to or near 
to the recrystallization temperature.* Corroborative 
evidence obtained from tensile tests* is misleading 
because the metal necks down as soon as plastic flow 
begins so that the break on the diagram cannot 
usually be seen, even if it is there. The fallacy of this 
statement can, however, be easily demonstrated when 
tension is replaced by compression (Fig. 6). 

These compression tests were made on cylinders 
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cut from the respective rods immediately after torsion 
or after drawing. The resulting stress-strain curves 
were smoothly rounded, not only with the samples 
tested afresh (curves 2, 3, 5, and 6), but also after 
drastic ageing treatment (curves 1 and 4). However, 
when the compression tests on the Thomas steel were 
interrupted for only 3 hr., pronounced yield points 
were found. Another interval of 18 hr. gave rise to 
very considerable yield-point effects (curves 2 and 3). 
Equivalent results were obtained with S018 after 
interrupting compression for 2 weeks (J, curves 4-6). 

The characteristic, almost horizontal, form of 
curves 1-3 is connected with the Bauschinger effect 
and had been noted previously with cold-drawn 
copper?? (loc. cit., p. 260, Fig. 19c) and Monel metal? 
(loc. cit., p. 341, Fig. 8). The surface hardness of 
T009 after twisting was 245 Vickers and of drawn 
S018 190-205 Vickers. With such comparatively high 
hardnesses all the specimens must have contained 
large r-stresses which prevented the yield-point 
phenomenon from returning on ageing. After relieving 
the body stresses by pre-compression, discontinuous 
yielding could take place. 


RESULTS OF EXPERIMENTS WITH STEEL PLATES 

Commercial-Quality (Ageing) Steel 
Material S005 was received in the form of sheets 
0-038 in. thick, temper-rolled about 1%. Temper- 
rolling, especially with dry rolls, produces inherently 
inhomogeneous distortion, the skin of the sheet 
receiving more working than the 
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interior. This is manifested by the 
lower recrystallization temperature 
of the outer layers compared with the 
centre! (loc. cit., p. 46, Figs. 15-17). 
Hence, it is to be expected that dis- 
continuous yielding should recur in 

temper-rolled sheet at a slower rate 
(a) than in one deformed by stretching, 
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for example, in a stretcher-leveller. 
The curves in Fig. 7 show this to be 
exactly the case. After a rest at room 
temperature for 2 days the temper- 
rolled metal shows practically no 
change (curve 2), whereas one which 
received in addition 2-5% extension 
(curve 3) exhibits a pronounced break 
at the yield point. A similar difference 
is found between curves 4 and 5, and 
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EXTENSION, in. on 4 in. 


Specimens 1-8 subcritically annealed 
before subsequent working and ageing 


As annealed 

Temper-rolled 1-5% 

Temper-rolled 3% 

: Temper-rolled 5% 

: As curve 4 and aged for 6 hr. at 
75°C. 

: As curve 4 + extended 1-25% and 
aged for 1 hr. at 75°C. 

: As curve 4 + extended 10% and 
aged for 1 hr. at 75°C. 

: Ascurve 3 + extended 7-5% + rest 

for 14 days 


9: Temper-rolled only 


100° C. 


Ore OD 


min. at 250°C. 


o 


~ 


250° C. 


oo 


350° C, 


Fig. 8—(a) Effect of variable amounts of temper-rolling, with or with- 
out subsequent extension, on ageing of vanadium-treated rimming 
steel sheet (section 0-037 x 0-75 in.). (6) Ageing behaviour of 
originally 1% temper-rolled, aluminium-killed steel sheet (section 
0-038 x 0-75 in.), as affected by additional stretching 
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Specimens 9-16 temper-rolled before sub- 
sequent working and ageing 


10: Aged for 24 hr. at 100°C. 
11: Extended 5% and aged for 24 hr. at 


12: Aged for 30 min. at 250°C. 
13: Bent over 4 in. (6 times) and aged for 30 


14: Extended 5% and aged for 30 min. at 


15: Aged for 30 min. at 350°C. 
16: Extended 5% and aged for 30 min. at 


3 6 and ds 


Aluminium-Killed and Vanadium- 
Treated (Non-Ageing) Steels 


The vanadium-treated rimming steel 
was available both as-annealed and 
also as 2% temper-rolled sheet, of 
0-037 in. thickness. No change of 
yield-point behaviour or of ductility 
was noted after 3 months’ storage in 
a warm room. Hence, for most prac- 
tical purposes, it can be regarded as 
non-ageing. 

The steel was very fine grained, 
this being shown up by the consider- 
able length of the discontinuity at the 
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yield point (Fig. 8a, curve 1). Curves 24 merely 
indicate the effects of increasing amounts of temper- 
rolling on the shape of the extension diagram (6-in. 
rolls, single passes). Curves 5-8 show how gentle 
ageing affects the yield-point behaviour after rolling 
alone (curve 5), and after rolling with subsequent 
extension (curves 6-8). The effect is clearly similar 
to that observed with the ordinary steel S005, but 
the rate of the process is very much slower. Tests on 
strip received originally in the temper-rolled con- 
dition yielded results identical with those above. 

Finally, Fig. 8b shows that even Al-killed steel 
behaves similarly. However, to produce a yield effect 
comparable with curve 6, ageing for 24 hr. at 100° C. 
was necessary (curve 11). Heating an A0O8¢ strip 
for 30 min. at 200° C. was not sufficient to bring about 
an abrupt yield point. 

Reversed bending of a skin-passed sheet intended 
to imitate a roller-leveller treatment seemed to slow 
down the return of abrupt yielding (curve 13 versus 12). 
A similar, though less pronounced, effect was observed 
with the other two materials; hence, it appears as if 
the effects of skin-passing and roller-levelling were 
additive in their effect on the ultimate level of the 
r-stresses. This would be reassuring since flattening 
in roller-levellers is generally applied to sheet and 
strip immediately after skin-rolling. However, since 
in practical levelling the amplitude of flexing is 
gradually reduced towards the delivery side, the above 
finding must not be generalized unless proved by 
practice. 

DISCUSSION 

Without attempting to put forward an ad hoc 
fundamental concept to account for the observed 
phenomenon, it would be appropriate, nevertheless, 
to discuss it in the light of existing knowledge. 

In a quite elementary way, the absence of a pro- 
nounced yield point in strain-aged steel containing 
large r-stresses can be explained as follows: Upon 
ageing, the changes in the individual grains of the 
material take place in the same manner as if there 
were no body stresses at all. Now, a round, cold- 
drawn rod can be imagined as consisting of a large 
number of concentric, very thin tubular elements. 
Assuming a maximum residual tension in the outer 
skin, an application of an external tensile load will 
cause a tiny surface layer to yield in the first place. 
Since the yield stress in the layers beneath has not 
yet been reached, there will be no reason for a Liiders 
band (or Kuroda’s ‘ crack band ’6) to spread across 
the entire section of the specimen. Furthermore, 
yielding of this first ‘tube’ will take place under 
conditions of very limited freedom because the inside 
material, which is still in the elastic range, must exert 
a considerable constraint on the thin outer layer. Due 
to this intrinsic bonding, all grains of the periphery 
will be compelled, from the statistical viewpoint, to 
yield simultaneously and not in the discontinuous, 
jerky manner which gives rise to the formation of a 
yield serration. 

Alternatively, a qualitative explanation of the facts 
can equally well be given in terms of the ‘ grain- 
boundary structure’ theory used, for example, by 
Kuroda® and the present author’ to account for the 
yield discontinuity. In such a case it would be 
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necessary to assume that the grain-boundary ‘ skele- 
ton ’ is being destroyed in small instalments, starting 
from that layer which carries the maximum r-stress 
of the same sign as the externally applied force. 

From the tentative description of incipient yielding 
given above, it is easy to imagine how plastic flow 
will propagate gradually across the whole r-stress- 
containing specimen upon increasing the external load. 
Even if it is assumed that each consecutive concentric 
layer does produce a small yield point, a smooth 
envelope will be nevertheless obtained in effect, since 
each elementary yield point will occur at a higher 
external stress than the preceding one. 

Single iron crystals behave during deformation and 
ageing in much the same manner as polycrystalline 
steel. They may show abrupt yield points,’ and they 
produce distinct Bauschinger effects.!° Furthermore, 
Holden® has found that there was no sharp yield 
point in a carburized crystal after light rolling 
followed by ageing, but that a discontinuous yield 
was observable when the rolled crystal was slightly 
stretched prior to ageing (loc. cit., p. 187, Fig. 8). 
Holden apparently did not realize the part played 
by r-stresses in his results, but it is obvious that they 
are equivalent to those reported here. 

K6ster! noticed some years ago that low-carbon 
steel, if quenched from just below A,, and afterwards 
aged at up to 150° C., did not show a sharp yield point 
in tension. The author’s own tests on steels with 0-07- 
0-59% of carbon gave similar results, showing further 
that a slight stretch (1-25-2-5%) after quenching, 
followed by ageing at 100°C., gives rise to violent 
jogging at the yield point. Similar results were 
published recently.1° The effect may well be due to 
thermal r-stresses set up by quenching and their 
relief by plastic extension. 

It is known!’ that small or rough rolls are more 
efficient in eliminating the yield-point elongation than 
are large or smooth ones. The former types will result 
in a more inhomogeneous distortion than the latter 
and will induce a higher level of r-stresses, even when 
the reduction of thickness is the same in all cases. 

It may thus reasonably be expected that temper- 
rolling with small or sandblasted rolls should prevent 
the return of Liiders lines for a longer period than 
would be possible otherwise. 

The effect of small rolling reductions on the yield 
point (Fig. 8, curves 1-4) is well known in industrial 
practice but it calls for comment. The salient fact 
is that the amount of rolling required for a complete 
removal of the discontinuous yield is only }-} of the 
percentage extension needed for the same purpose. 
The mechanisms of yield elimination must thus be 
different in both cases. 

The tensile yield stress of an annealed steel is 
determined both by the intrinsic strength of its matrix 
(e.g., ferrite) and by the density of the grain boundaries 
in it. The exact nature of these boundaries and the 
cause for their strength are immaterial for the present 
purpose but their strengthening effect is beyond 
doubt. In tension, upon passing the yield point, the 
grain-boundary structure begins to collapse, thereby 
weakening the material, which begins to flow and 
forms a Liiders band. The greater the contribution of 
the boundaries towards the observed yield stress, the 
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more pronounced will be this weakening. As a result, 
the amount of plastic flow that the yielded portion 
of the metal must undergo to be able to transmit the 
yield stress required for nucleating the consecutive 
Liiders lines is a direct function of grain size. This 
is why the Liiders bands, or stretcher-strains, are 
deep and extensive on fine-grained steel sheets. 

In rolling, no Liiders lines are formed on the surface, 
so that the grain-boundary structure may be broken 
up without attendant large Liiders deformations. In 
effect, the yield stress in subsequent tension may be 
reduced quite considerably and relatively the more, 
the finer the grain and the higher the yield stress in 
the fully soft condition. The r-stresses left after 
rolling will also contribute towards lowering the yield 
point. 

It is clear that the minimum amounts of deforma- 
tion necessary for eliminating the discontinuous yield 
by alternatively rolling or stretching are neither equal 
nor ‘ equivalent,’ the associated work-hardening being 
invariably greater in tension irrespective of the 
mechanical property taken as a basis of comparison. 
An explicit disregard for this simple fact led several 
years ago to the designing of a machine for the 
continuous tempering of tinplate by virtually pure 
stretching.'4 It is obvious that a ‘stretching mill’ 
working on this principle could not produce non- 
fluting plate of the very soft tempers. As far as it has 
been possible to ascertain, only one installation of 
this type has been produced. 

Finally, it is appropriate to call attention to a 
recent communication!® in which it is suggested that 
the sharp yield point found in annealed steel and 
that which appears after strain-ageing may be due 
to different causes. If the reported findings are con- 
firmed, it is felt that some revision of the present 
concepts may be necessary before an all-embracing 
yield-point theory is developed. Such a theory would 
also have to account for the present results, which 
are therefore put on record. 


on CONCLUSIONS 


(1) The return of a discontinuous yield point in 
tension or compression of a cold-worked and aged 
carbon steel is retarded, often considerably, if the 
metal is initially deformed by one of the methods 
known to induce considerable residual stresses. Sub- 
sequent application of a mechanical stress-relief 
procedure drastically accelerates the return of an 
abrupt yield point. 

(2) Subject to large variations in rate and intensity, 
these effects are apparently independent of carbon 
content or method of manufacture, provided that the 
steel exhibits a discontinuous yield point in the soft 
condition. 

(3) Other changes which accompany ageing, such 
as change of strength and elongation, seem not to be 
inhibited or retarded by the presence of residual 
stresses in the metal. 


(4) Thin or rough rolls produce, for equal reductions, 
larger r-stresses in temper-rolled sheet than large and 
smooth ones. They are therefore more effective in 
removing the yield-point elongation. 

(5) Stretcher-levelled steel sheets when pressed after 
a time interval are likely to produce Liiders lines more 
readily than those which have been temper-rolled only. 
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The Influence of Carbon Content on the Acid 
Resistance of Titanium- and Niobium-Stabilized 
18 Cr, 8-14 Ni Steels 


By H. T. Shirley, B.Sc., A.R.C.S., and J. E. Truman, A.Met. 


SYNOPSIS 


A study has been made of the influence of carbon content, from 0-03% to 0-16%, on the corrosion 
resistance of 18% Cr, 8-14 % Ni steels, with titanium or niobium stabilization against intercrystalline corrosion. 
Tests were carried out in0-5% and 2-5% hydrochloric acid and 10% sulphuric acid at 20° C., as well as in 


65 % nitric acid and 30 % acetic acid at boiling point. 


Given satisfactory stabilization against intercrystalline corrosion, as judged by the standard H,SO,/CuSO, 


solution test, the effect of carbon content was small. 


No effect was found in the acetic and hydrochloric 


acid tests. In the 10% sulphuric acid solution the effect was limited to a doubling of the attack as the carbon 


content increased from 0.04% to 0-10%. 
independent of heat-treatment. 


This occurred with both types of stabilization, and was 


In the nitric acid test, treatment of the niobium-stabilized steels for $ hr. at 650° C. or 5 min. at 700° C. 
produced an increase of two to three times in the amount of attack, but there was no difference attributable 


to carbon level within the series. 


greater rise in attack (up to four or five times) at the highest carbon level. 


With these treatments, the titanium-stabilized steels showed a rather 


It is of interest that, with steels 


imperfectly stabilized and showing susceptibility to intercrystalline corrosion in the H,SO,/CuSO, solution, 
nitric acid was the only other reagent showing any effect from 650° or 700° C. heat-treatment. 


HE importance of carbon content in relation to 

intercrystalline corrosion of 18/8 Cr—Ni and related 

steels is well appreciated, and its operation by 
boundary precipitation of chromium carbides is 
generally accepted (see, for example, the general 
review by Monypenny!). The addition of appropriate 
amounts of titanium or niobium as carbide stabilizers 
gives virtual immunity from this type of corrosion 
for most practical conditions of heat-treatment and 
service exposure. The amount of stabilizing element 
required depends on the carbon content and the 
severity of the conditions to which the material is 
subjected. If heat-treatment in the carbide precipi- 
tating range (400-900° C.) is sufficiently short, 
and if the service conditions are not too severe, 
it is possible to ensure sufficient immunity simply by 
lowering the carbon content to 0-06% or less. For 
most chemical plant, however, it is usual to stabilize 
by adding titanium or niobium, in amounts not less 
than four times the carbon content with the former 
and ten times the carbon content with the latter. 
With such stabilization, the actual carbon content 
up to the normal limit of about 0-15% is usually 
considered unimportant, from the standpoint of inter- 
erystalline corrosion. Kerkhof, Geerlings, and 
van der Haas have suggested* that it may be preferable 
to have the carbon content of titanium-stabilized 
steels below 0-08%, and they quote figures for 13-day 
tests in boiling 65% HNO, in which samples of 18/8 
steel containing 0-09% of carbon and 0-58% of 
titanium showed considerably lower losses than 
material containing 0-15% of carbon and 0-76% of 
titanium, with and without 600° C. treatment. 
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The extremely searching nature of this type of 
nitric acid test in respect of any very slight tendency 
to intergranular failure, particularly at delta boun- 
daries, has been discussed in an earlier paper.* It 
has also been shown® that the difference reported 
by Kerkhof, Geerlings, and van der Haas for the effect 
of carbon can be much less marked, while no difference 
at all appeared when testing in sulphuric, hydrochloric, 
and acetic acid solutions. 

The present paper amplifies these earlier observa- 
tions, and describes tests covering a much wider range 
of carbon content (from 0-03% to 0-16%) with both 
titanium and niobium stabilization. Steels containing 
13-14% Ni were included, and weight-loss determina- 
tions were amplified in a number of cases by a study 
of the microstructural characteristics of the attack. 


DETAILS OF MATERIALS AND TESTS 


Fifteen materials were tested, in the form of 2in. x 
4 in. samples from }-in. hot rolled sheet. The samples 
were sheared and treated for 10 min. at 1050°C., 
followed by air cooling or water quenching. Certain 
samples were then given lower temperature treat- 
ments at 650-850° C., as detailed in Tables I-III. 
The compositions of the various steels are given in 
Tables I and II, dealing with the general acid tests, 
and Table III covers tests in H,SO,/CuSO, solution 
for intercrystalline corrosion susceptibility. 

Micro-examination revealed no delta constituent in 
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Table I 
RESULTS OF TESTS ON 18% Cr, 8-14% Ni STEELS A-F AND 18/10 Cr-Ni STEELS G-K 


Losses in weight are given as még./sq. cm. in 24 hr. 


Huey Type Test: 48-hr. cycles in boiling 65° HNO, 
General Acid Tests: 1. 24 hr. in boiling 30% acetic acid 
2. 24 hr. in 0-5% HCl at 20°C. 
3. 24 hr. in 2-5% HCl at 20°C. 
4. 24 hr. in 10% H,SO, at 20°C. 
5. 7 days in 10% H,SO, at 20°C. 



























































































































































































































































Composition, % eee Huey Type Test General Acid Tests 
Steel Treat- 
ment* 
Cc Si Mn Cr Ni Ti Nb N Ist | 2nd | 3rd 4th 5th |Mean| 1 2 3 4 5 
18% Cr, 10% Ni Steel (Unstabilized) 
a 1-1 0:5 0:5 0:6 0:7 0:7 |2:8;0-3 oar 1:6 0-6 
0-4 1-4 
A 0-04 | 1-02 | 0-59 | 18-98 | 10-18 a pas 0-025 b 1-6 6-7 | 15-5 | 23-1 | 16-6 | 12:7 | 2:9 | 0-3 Oa 1-5 0:5 
0-4 1:3 
e 2-1 4-2 9-8 | 11-1] 11-4 7:713210310-4 1-7 0-6 
0-4 1-3 
18% Cr, 8-14% Ni Steels (Titanium-Stabilized) 
a 1-7 1-1 1-1 1-1 1-3 1:3;3:2 [0-2 0:3} 2° 1-2 
0- ° 
B 0-04 | 0-57 | 0-45 | 17-82 9-75 | 0-19 oe 0-020 b 1-7 1:5 2:1 3-0 4:0 2:5|3:7|0-2| 0-3 2:7 1:2 
0:3 2:3 
c 1-6 1-1 1:4 1-5 2:0 1:5 |3:4|02/0-3 2:8 1-2 
0-3 2:3 
1-5] 1-5] 1-8] 2-5] 3-3] 2-1] 2-8]0-2] 0-2 1-9 1-3 
0-3 4 
C | 0-04 | 0-64] 0-60 | 18-10] 9-98] 0-29] .. |0-012} 6 |1-5] 1-5] 2-4] 3-8] 6-1] 3-1] 2-2] 0-0] 0-31] 2-0{| 1-2 
0-3 f| 2-4 
e |1-5| 1-4] 1-9] 2-6] 3-1] 2-1] 2-1] 0-1 | 0-21] 2-21] 1-6 
0:3 f} 2-3 
a 1-1 1-8 3:1 48 4:6 3:11/2:9102/0-9 23 3-3 
0-7 . 
D 0:09 | 0-69 | 0-31 | 17-44 | 8-40 | 0-63 ‘ak 0-003 b 1-2 2:6 6:3 9-4 9-2 §-7|2:5|;02,1-3 3-2 3-2 
1-0 4-0 
c 1:1 2:8 6:7 | 10-3 | 11-7 6:5 |2:8|0-1]1-1 3:6 3-6 
0:8 4:3 
d 2:1 3-1 43 5-4 6:1 4:2 
a {1-9] 1-7] 24] 2-6] 3-1] 2-3] 2-3] 0-2 +4" 2-4\/ 1-2 
E | 0-10 | 0-96 | 0-40 | 18-36 | 14-33 | 0-61] ... |0-013] 6 |2-4] 6-4] 11-0 | 14-2] 15-2] 9-8]2-7] 0-2 0-3 2-4\} 1-1 
c |2-6| 9-4] 14-5 | 18-5 | 31-3 | 15-3 | 2-3 | 0-1] 0-31] 1-61| 1-0 
0:3 2:3 
@ [0-7] 08) 2:0) 3-7] 43) 2:3) 2-6) 01) 1-2 3-7 2-4 
F | 0-15 | 0-48 | 0-41] 18-43] 8-18]0-76| ... |0-003| 6 |0-9| 2-3] 11-1] 17-1] 16-8] 9-6]3-2] 0-0] 1-4 4-4 3:3 
1-0 ‘5 
e 10-9] 2-0] 8-1] 12-8]13-6] 7-5 | 2-7] 0-3 | 1-21] 4-31] 2-9 
0-9f| 3-4 
d |1-0] 1-4] 2-4] 3-4] 4-1] 2-5 
18% Cr, 10% Ni Steels (Niobium-Stabilized) 
a 1-3 0:8 0:8 0-9 1-0 1:0/1-6/0-1);0-3 1-3 0:8 
G 0-03 | 0-73 | 0-37 | 19-20 9-65 ae 0:47 | 0-021 6 2-1 1-6 2-7 3°5 3-9 2:8|}1-0)0-1/)0-4 1:7 0:8 
c 1-4 1:3 1:8 2:1 2:6 1:'8|1-6|0-5| 0-3 1:6 0:7 
a |1-4] 1-8] 2-3] 2-2] 2-9] 2-1]2-6/0-5]0-7 |1-2 | 0-4 
H | 0-04 | 0-36 | 0-73 | 18-24] 10-70] ... |0-33]0-026| 6 |1-1] 1-5] 2-1] 2-8] 3-2] 2-:1]3-0]0-5]0-7 |1-5 | 0-4 
1-7| 4:2] 4:0] 4:5] 5-0] 3-9]2-7]0-4]0-7 |1-5 | 0-4 
a 0-9 0:5 0-4 0:5 0-5 0-6|45|0-4/0-5 2:3 1-8 
I 0-10 | 0-64 | 0-56 | 18-28 9-40 pee 1-55 | 0-068 b 0:8 0:7 1-5 1-3 1:3 1-:1|43)0-3 | 0-6 2:7 1-6 
0-9 0-6 0:6 0-9 0-9 0-8|3:9|0-4] 0-5 2:7 1-7 
a |1-5| 0-9] 0-9] 0-9] 0-9] 1-:0]4-4]0-4]0-6 |2-9 | 1-4 
J 0-12 | 0-51 | 0-54 | 18-75 9-13 ‘ie 0-66 | 0:070 b 8:2 6-9 | 61-5 | 63-5 | 55-0 | 39-0 | 4:1 | 0-3 | 0-5 3:2 1-4 
3-7 | 23:3 | 62-8 | 36-4 | 41:2 | 33-5 | 4:8 | 0-2] 0-5 3-6 1-4 
a |1-4] 1:0] 1-0] 0-9] 1-1] 1-1] 4-2]0-3]0-6 | 2-6 | 1-6 
K | 0-16 | 0-50 | 0-54 | 18-50] 9-23] ... |1-55]0-026] 6 | 2-9] 12-1 | 19-7] 19-8] 17-8 | 14-5] 4-2|0-3]0-5 |2-9 | 1-6 
2-1] 6-8] 11-0] 13-4] 13-3] 9-3]4-9]0-3]0-5 |2-4 | 1-4 
*a. A.C. from 1050°C. c. A.C. from 1050°C. + 5 min. at 700°C, 
b. A.C, from 1050°C. + 4 hr. at 650°C. d. A.C. from 1050°C. + 4 hr. at 850°C. 
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Fig. 3—Attack on polished surfaces of steels D and I after test in boiling 70°, HNO, 
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Table II 
RESULTS OF TESTS ON 18% Cr, 13% Ni NIOBIUM-STABILIZED STEELS L-O 


Losses in weight are given as m§./sq. cm. in 24 hr. 


Huey Type Test: 48-hr. cycles in boiling 65°, HNO, 


















































Composition, % Huey Type Test 
Heat- 
Steel Treatment* 

Cc | Si | Mn | Cr Ni Nb N Ist 2nd 3rd | 4th | 5th | Mean 

a 0-6 0:5 0-4 0:5 0:5 0:5 

L 0-07 0-62 1-40 17-54 | 13-18 0-67 0-076 b 0-6 0-4 0-4 0:5 0-4 0:5 
c 0-6 0:5 0:8 1:0 1:5 0-9 

d 0:6 1-0 1-6 2:2 2-4 1-6 

a 0:5 0:3 0:3 0:4 0-4 0-4 

M 0-10 0-57 1-46 17-70 | 13-25 1-01 0-074 b 0:5 0:3 0-3 0-4 0:4 0-4 
c 0:4 0-3 0:8 1-1 1:3 0:8 

d 0:6 0-6 1:0 1-4 1-8 1-1 

a 0:5 0:5 0:5 0:5 0:2 0-4 

N 0-12 0-37 1-29 17-70 | 13-13 1-25 0-072 b 0-5 0-3 0:4 0-4 0-5 0-4 
c 0:6 0:3 0-4 0:5 0-6 0-5 

d 0:7 0-6 1-2 2:0 2°5 1-4 

a 0:5 0-4 0-4 0:5 0-4 0:4 

Oo 0-14 0-59 1-40 17:94 | 13-13 1-70 0-048 b 0-5 0-4 0-3 0-4 0-4 0:4 
c 0-6 0-4 0-5 0:7 0-9 0-6 

d 0:5 0-6 0-9 1:3 1-5 1:0 


























* 


A.C. from 1050° C. 
V.Q. from 1050° C. 


a. 
b. 
the 18/13 niobium-stabilized steels (Table II). Four 
other steels showed small amounts, estimated as 
follows: 


Steel D 1% 
Steel F sais 5% 
Steel G we 1% 
Steel J Trace, but with occasional rather 


larger amounts locally. 

All the samples were finally emeried to 120 grade 
finish. The tests in boiling 65° HNO, were carried out 
in 250 ml. of solution, changed at the end of each 48-hr. 
cycle. These tests were in 500-ml. flasks fitted with 
10-in. open Liebig condensers. The other tests were 
selected to cover conditions of slight-to-moderate 
attack just beyond the region of uncertain passivity 
breakdown. The 7-day tests in 10% H,SO, at 20° C. 
were in 200 ml. of solution, but all other tests were 


c. 
d. 


W.Q. from 1050° C, + + hr. at 650°C. 
W.Q. from 1050° C. + 8 hr. at 750° C. 


in 80 ml. In the cases of 2-5°%, HCl and 10% H,SO,, 
duplicate tests were carried out. 
CONSIDERATION OF RESULTS 

Nitric Acid 

The marked tendency of strong nitric acid solutions 
to produce structurally selective attack has already 
been noted.‘:;® In the present tests, only the 65% 
HNO, solution gave attack with structural features 
in materials satisfactorily stabilized against the 
H,SO,/CuSO, test. Although the depth of inter- 
crystalline penetration by the nitric acid in these 
cases extends only to a depth of 2-3 crystals beyond 
the general attacked surface, increased attack may 
result from undermining and from the greater effective 
surface area. The effect is particularly severe around 
delta boundaries in titanium-stabilized steels, the 


Table III 
RESULTS OF INTERCRYSTALLINE CORROSION TEST 
3 days in boiling 2N.H,SO, containing 110 g./1. of CuSO,, and samples bent through 180° round d = 3t 





Steel 


Intercrystalline Corrosion 





18% Cr, 8-14% Ni Steels, 
Unstabilized: A 


A.C. from 1050°C., } hr. at 650°C. 


Very slight 


Ti-stabilized: B None 
C, D, HE, F None 
18% Cr, 10% Ni Steels, 
Nb-stabilized: G, H, I None 
J Severe 
K None 


A.C. from 1050° C., 24 hr. at 650°C. 


Severe 


Very slight 
None 


None 
Very severe 
Considerable 





18% Cr, 13% Ni Steels, 


Nb-stabilized: L, M, N, O None 








W.Q. from 1050°C., } hr. at 650°C. 


W.Q. from 1050°C., 8 hr. at 750°C. 


None 
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general characteristics being similar for all three 
heat-treatments, as shown in Fig. 1 for steel F; but 
the loss in weight showed considerable increase from 
the 650° and 700° C. treatments. Figure 2a shows the 
intercrystalline attack on 650°C. treated titanium- 
stabilized steel C without delta, for which the increase 
in attack was much less. Only very slight inter- 
crystalline penetration occurred with the niobium- 
stabilized 18/10 Cr—Ni steels resistant to the H,SO,/ 
CuSO, test (Fig. 2b), but the corresponding 18/13 
Cr-Ni steels showed a more pronounced effect (Fig. 2c). 

The slower attack on boundaries in 18/10 niobium 
steels compared with 18/8 titanium material is illus- 
trated in Fig. 3, which shows stages in the attack by 
boiling 70% HNO, on initially polished surfaces. 
The selective attack on the titanium-stabilized 
material was about five times as fast as that on the 
niobium-stabilized steel, even at the delta boundaries. 

It can be seen from the weight losses that the 
incompletely stabilized steels A and K suffered con- 
siderable and progressive acceleration of attack in the 
nitric acid with the }-hr. at 650°C. treatment, 
although the longer 24-hr. at 650° C. treatment was 
required to produce serious failure in the H,SO,/ 
CuSO, test. 

Apart from effects associated with intercrystalline 
corrosion of imperfectly stabilized steels, there is no 
indication of any influence of carbon content in the 
niobium-stabilized steels. Titanium-stabilized steels 
that were satisfactorily resistant to the H,SO,/CuSO, 
test showed some increase of attack in the nitric acid, 
rising to about four times at the highest carbon level. 


Acetic Acid 
There is no indication of any effect from carbon 
content or heat-treatment in these tests. 


Hydrochloric Acid 

The only noticeable difference observed in these 
tests was the attack in the 2.5% HCl on the two 
higher-carbon titanium-stabilized steels D and F 
(Table I). This attack, although still small, was about 
three times as high as for the other materials. The 
effect showed no relation to heat-treatment or 
structural characteristics, and was not present in 
steel H (14% Ni) or in the niobium-stabilized steels. 
It may in part be related to the rather lower nickel 
contents of steels D and F. There is, therefore, no 
definite evidence of any effect of carbon content in 
these solutions. 


Sulphuric Acid 

Except for steel E (14% Ni), the attack was 
approximately doubled, for both titanium- and 
niobium-stabilized materials, in passing from the 
0-04% carbon level to the 0-10% level. This was not 
related to heat-treatment, and no tendency to inter- 
crystalline penetration of the 650° C. treated samples 
was observed on sections examined microscopically 


after test, including unstabilized steel A. No further 
increase occurred up to the 0-15°% carbon level. The 
mean rate of attack over 7 days was lower than that 
in 24-hr. tests, but the same rise with increase in 
carbon content was apparent. This increase did not 
occur with the 14% Ni steel Z. 


CONCLUSIONS 


(1) Shallow intercrystalline attack produced in 
boiling 65% HNOsg, irrespective of heat-treatment, 
makes doubtful the degree to which such attack is 
related to carbide precipitation with the more effec- 
tively stabilized materials. With less efficient stabil- 
ization, the accelerating weight-loss in this solution 
provides a more severe test of susceptibility to 
intercrystalline attack than does the standard 
H,SO,/CuSO, test. On the other hand, the tests in 
acetic acid, hydrochloric acid, and sulphuric acid 
solutions show no intergranular attack, even in 
definitely susceptible materials. 

(2) Given sufficient niobium to provide stabilization 
against the H,SO,/CuSO, test, the nitric acid test 
still gives an increase of two or three times in the 
rate of attack from the } hr. at 650°C. or 5 min. at 
700° C. treatments; but there is no difference due to 
carbon level, within the 0-04-0-16% range tested. 

(3) With titanium stabilization this increase be- 
comes rather higher, up to four or five times, at the 
highest carbon level (0-15%). 

(4) No effect of carbon content or treatment is 
shown by the tests in boiling 30% acetic acid or in 
0-5% and 2-5% HCl at 20°C. 

(5) Both niobium- and titanium-stabilized steels 
show a small increase, to about double the attack, 
in 10% H,SO, at 20°C., as the carbon content 
increases from 0-04% to 0-10%. This effect was 
independent of heat-treatment. 
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A Microscopical Examination of Samples of [ron 
Containing Aluminous Inclusions 


By R. E. Lismer, A.Met., F.I.M., and F. B. Pickering, A.Met., A.I.M. 


SYNOPSIS 
A detailed microscopical examination has been carried out on samples of iron containing aluminous 


inclusions, along the lines adopted for a previous investigation on manganous inclusions. 


To establish the 


optical and chemical properties of the inclusions, as a means of positive identification, the specimens have been 
examined under normal vertical illumination, under polarized light, after the application of Whiteley’s 


test, and after acid tests. 


ance of the inclusions associated with the deoxida- 
tion of pure-iron/iron-oxide melts was contained 
in the paper by Sloman and Evans! and in a contribu- 
tion to the discussion by Lismer,? it had been decided 
by the Solid Steel Study Group of the Gases and 
Non-Metallics Sub-Committee that a more detailed 
microscopical examination should be attempted, 
following the style of the previous work by Lismer 
and Pickering.* Selected specimens were thus system- 
atically examined with a view to establishing the 
optical and chemical properties of the inclusions, by 
which positive identification of some of the aluminous 
inclusions could be carried out. 
The polishing technique and methods of examina- 
tion were similar to those described in the previous 


paper.*® 


A LTHOUGH a description of the microscopical appear- 


MATERIALS EXAMINED 
Samples were taken from ingots #, J, and N of 
the series described by Sloman and Evans.' X-ray 
analysis of the residues obtained by alcoholic iodine 
extraction gave the following approximate composi- 
tions: 
Ingot #: 90% a-Al,O,, 10% unidentified 
Ingot J: 30% «-Al,O;, 50% FeO.Al,0, compounds, 
15% FeO, 5% unidentified 
Ingot N: 20% FeO.Al,0; compounds, 50% FeO, 
30% FeO.Fe,03. 
EXPERIMENTAL RESULTS 
Examination under Normal Vertical Illumination 
Ingot E—The inclusions were unevenly distributed 
and showed heavy segregation of groups of small 


€ 
. 
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particles, mainly towards the surface of the ingot. 
They were mainly small, hard, idiomorphic particles 
of alumina, varying from medium grey to colourless. 
The surface of the particles appeared ‘ greasy,’ the 
inclusions exhibiting a variable degree of translucency 
(Fig. la). Larger isolated particles of a more vitreous 
nature were also present (Figs. 1b, c, and d). 

Ingot J—The distribution was similar to that in 
ingot H. The segregates, along with the small idio- 
morphic particles of alumina, also contained larger, 
dark grey plate-like inclusions (Figs. 2a and b), which 
are a spinel of the FeO.Al,O, type. Both types also 
occurred as isolated particles along with other crystals 
which showed a very angular shape (Figs. 2c-g). 

Ingot N—The inclusions were fairly uniformly 
distributed, mainly globular and duplex, with very 
few idiomorphic crystals of alumina. The globular 
inclusions were one of the following: 

(a) Monophased, light grey opaque particles of 
wustite (Fig. 3a) 

(b) Particles of wiistite ‘roughened’ by a finely 
dispersed dark phase (Fig. 3b) 

(c) Particles of wiistite containing idiomorphic 
crystals, probably hercynite. Some of these also 
contained minute dispersed dark crystals, probably 
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Table I 
IDENTIFICATION OF INCLUSIONS IN IRON-ALUMINIUM-OXYGEN ALLOYS 
Reaction to Etching with: 
Colour Appearance 
Type of Common Opacity under under Silver 10% 10% 5% 20% 
Inclusion Occurrence Normal Polarized Nitrate Alcoholic Aqueous Alcoholic Aqueous 
Light Light (Whiteley Nitric Chromic |Hydrochloric|Hydrofivoric 
Test) Acid Acid Acid Acid 
a-Alumina, Irregular Varying Medium Bright No reaction | No reaction, | No reaction | No reaction | Virtually no 
Al,O, or angular| degrees grey to with no but stands reaction 
crystals, of trans- colourless colouring n 
with pro- lucency heightened 
nounced relief 
tendency to 
segregate 
Hercynite, Dispersed Opaque Dark grey Black No reaction | No reaction, | No reaction | No reaction | Virtually no 
FeO.AlI,0O, lath- but stands reaction 
shaped or in 
plate-like heightened 
crystals, relief 
may occur 
within 
segregates 
Magnetite, Dispersed Opaque Dark grey | Black No reaction | No reaction, | No reaction | No reaction | Virtually no 
FeO.Fe,0, particles to almost but stands reaction 
within the black in 
wiistite heightened 
globules relief 
Wiistite, Globular Opaq Light to Black No reaction | No reaction, | No reaction | More or Virtually no 
FeO-rich particles, medium but stands less com- reaction 
solid mostly grey, with in pletely 
solution duplex occasion- heightened attacked 
with ally relief 
spinel lighter 
grey rim 






































also hercynite, and occasional small metallic particles 

(Figs. 3c-9). 

Summarizing, ingot H contained only particles of 
a-alumina; ingot J, particles of a-alumina and 
hercynite; whilst only ingot N contained complex 
inclusions of wiistite with spinel particles, either as 
finely dispersed or larger idiomorphic crystals. The 
mode of occurrence of magnetite is most uncertain 
and the ‘roughening’ of the wiistite may indicate 
a sub-microscopic precipitation of magnetite. Very 
few particles of «-alumina were evident in ingot N. 


Examination under Polarized Light 

Only the particles of «-alumina appeared bright 
under polarized light. 
Application of Whiteley’s Test for Sulphides 

Some portions of the duplex particles in ingot NV 
were whitened, indicating that they were partly 
sulphide. 
Application of 10% Alcoholic Nitric Acid 

Virtually no effect on the inclusions in any of the 
three ingots, except to cause them to appear in 
heightened relief, particularly noticeable with the 
wiistite inclusions in ingot J. 
Application of 10% Aqueous Chromic Acid 

Only the sulphide particles present within the 
duplex inclusions in ingot N were attacked. 
Application of 5% Alcoholic Hydrochloric Acid 


No attack on the alumina or hercynite inclusions, 
but the wiistite in ingot N was almost completely 
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dissolved, leaving the idiomorphic hercynite, when 
present, in the cavity (Fig. 3h). 


Application of 26% Aqueous Hydrofluoric Acid 


Virtually no attack. 
The results of the experimental work are sum- 
marized in Table I. 


DISCUSSION 


Inclusions consisting of «-alumina or hercynite, 
being entirely resistant to chemical attack by in- 
organic acids, made impossible their positive identifi- 
cation by etching methods. Corundum occurred in 
two forms in ingot Z: 

(a) As irregular small crystals with a pronounced 
tendency to segregation 

(6) As larger, more vitreous, rounded crystals, 
occurring within the segregates and at isolated 
positions. 

A further form of corundum was evident in ingot 
J, viz., as small isolated angular particles. In all 
three forms the alumina showed bright under polarized 
illumination. Plate-like crystals of hercynite occurred 
isolated or within the larger segregates of corundum 
particles and remained dark under polarized illumina- 
tion. 

The small addition of aluminium to ingot N has 
resulted in inclusions of idiomorphic hercynite crystals 
in combination with wiistite globules. There was no 
positive identification of magnetite, but since the 
X-ray results showed two separate spinel phases, the 
idiomorphic crystals were not a solid solution. The 
observed ‘ roughened ’ appearance of certain wiistite 
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particles may be due to the eutectoid breakdown of 
wiistite with the formation of magnetite as a sub- 
microscopic dispersion, although evidently the particle 
size was sufficient to give sharp X-ray diffraction 
lines. 
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Iron—Carbon-Sulphur Melts 
By D. A. Spratt, Ph.D., and J. A. Kitchener, Ph.D. 


SYNOPSIS 
Solutions of carbon plus sulphur in liquid iron provide a clear example of interaction between solutes 


in a non-ideal solution. 
interpretation of such interactions can be obtained. 


Activity coefficients must be used as empirical correction factors until quantitative 


The influence of sulphur on the activity of carbon has been studied by measurements of the solubility 
of graphite in iron-sulphur melts. In the absence of sulphur, the results of Ruer and Biren are confirmed. 
For the range 1200-1700° C., the solubility of graphite in liquid iron containing [S]% of sulphur is given 


approximately by : 


% C = 1-19 + 0-00262t — [S] [1-67 — 0-001(t — 1200)] 


Sulphur retards the dissolution of graphite and inhibits entirely the formation of graphite on cooling. 
Cementite dissolves a small amount of iron sulphide at high temperatures ; minute inclusions of FeS 


separate from it at lower temperatures. 


SIGNIFICANCE OF ACTIVITY COEFFICIENTS 


N the early days of the application of physical 
] chemistry to steelmaking, equilibrium constants 

for gas-metal, gas-slag, and metal-slag reactions 
were calculated on the assumption that the various 
solutions concerned were all ideal, 7.e., they obeyed 
Raoult’s law. At that time, this assumption was 
unavoidable, as no explicit information was available 
on the thermodynamic behaviour of metallic and 
siliceous solutions at high temperatures. Recently, 
however, many careful laboratory investigations have 
been carried out, and the activity coefficients of many 
important solutions are now well established. The 
methods used for metallic solutions have been well 
summarized by Chipman.! 

It is now clear that most of the solutions used in 
steelmaking are grossly non-ideal; e.g., the activity 
of silicon in dilute liquid Fe—Si solutions is only about 
ay Of that predicted from Raoult’s law on the basis 
of mole fractions, and the activity coefficient changes 
slightly with concentration. Although low activity 
coefficients indicate strong binding, it is a mistake to 
assume that they can be easily explained by postu- 
lating the presence of suitable compounds in the 
solutions; by this means it may be possible to get 
activity coefficients that are nearer to unity, but there 
is no reason why they should be near unity. For 
example, the Fe-S system can be regarded as solutions 
of FeS in Fe, but the system is still non-ideal, having 
activity coefficients of about 4 in dilute solutions.?: 3 
High activity coefficients (e.g., 12 for Cu in Fe) show 
that ideality in liquid metals must be regarded as the 
exception rather than the rule; only for alloys of 
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metals of closely similar size and electronic structure 
(e.g., Fe-Ni) can it be expected. 

The application of experimentally measured activity 
coefficients is an empirical device by which correction 
factors can be applied to allow some regularity in the 
treatment of data. The coefficients are justified 
because the values deduced from one type of equi- 
librium (which may be experimentally convenient to 
study) are valid for any other thermodynamic equi- 
librium that may be difficult to study, for the same 
system. 

However, an important limitation to the empirical 
use of activity coefficients is that they apply only to 
the solutions and for the temperatures for which they 
have been directly measured. It is, moreover, rarely 
possible to calculate values for solutions of different 
composition; the presence of additional components 
in a solution is known to alter activity coefficients 
greatly, and even the direction of the alteration can 
scarcely be predicted. For example, carbon and silicon 
increase the activity of sulphur in iron, but manganese 
decreases it. Interactions of this kind are large enough 
to be of practical as well as theoretical interest, and 
a number of such studies have been made recently. 
The interaction of carbon and sulphur has been 
considered by the authors in a recent paper,’ and a 
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tentative theoretical interpretation of interactions in 
liquid iron has been suggested. The present paper is 
more concerned with some experimental observations 
arising from that work. 

Several authors have shown that there is a misci- 
bility gap in the Fe-C-S system, extending deeply 
into the ternary field.*. © There is abundant evidence, 
therefore, that the addition of carbon to the completely 
miscible liquid Fe-S system raises the activity of the 
sulphur and, in the extreme, causes separation of the 
system into two immiscible layers. Studies of the 
equilibrium FeS(in Fe(/)) + H, = Fe(l) + H,S have 
shown that the activity of sulphur increases in the 
presence of carbon by as much as 3-6 times for a 
solution saturated with carbon at 1600° C.%: 7 

In view of these results, it was predicted® that 
sulphur must reduce the solubility of carbon in liquid 
iron, for, if the activity coefficient of the carbon were 
raised, its concentration in liquid iron at equilibrium 
with pure carbon must be lowered. The experimental 
technique used to determine the effect of sulphur on 
the solubility of carbon in liquid iron has been 
described elsewhere. Some unexpected qualitative 
effects encountered in the work are recorded in the 
present paper. 


PURE IRON-CARBON MELTS 


To check the earlier work of Ruer and Biren,® 
Hanemann,? Schichtel and Piwowarsky,!® and Small 
and Wilson,!! and also to test the reliability of the 
technique used in the present work, some measure- 
ments were first made on the solubility of pure 
graphite in pure liquid iron. Electrolytic iron was 
melted in a graphite crucible (ash < 1%) in a molyb- 
denum furnace with a stream of 5% of hydrogen in 
nitrogen passing through it.4 The temperature was 
measured by an optical pyrometer sighted through 
a graphite tube on to the melt, and calibrated up to 
1600° C. against a Pt/Pt-Rh thermocouple. Samples 
of the melt were taken from time to time by sucking 
the liquid iron into thin-walled silica tubes containing 
a copper rod to quench the iron at the upper end. 
The tubes were quickly withdrawn and plunged into 
water. Samples were thus produced in the form of 
2-3-mm. dia. rods up to 12 in. long, which could be 
easily cut into samples for analysis or metallographic 
examination. This sampling technique overcame the 
difficulty often encountered—especially when sulphur 
is present—of getting small reproducible samples free 
from macroscopic segregation. 

Experiments were first done, for simplicity, without 
stirring. The carbon content, determined by com- 
bustion, of samples taken at different times increased 
until, after 3 hr., it became constant. The results 
then agreed with those of previous workers for the 
solubility of carbon in liquid iron. Over the range 
1200-1700° C., the solubility can be represented 
approximately by the equation: 

% OC = 1-19 + 0-00262¢ 

Samples obtained during the experiments were 
examined metallographically at the British Cast Iron 
Research Association’s laboratories; etching was by 
4% picral. Figures 1 and 2 show that although the 
3-mm. tubes containing the liquid iron samples were 
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quenched in water within 2-3 sec., there are needles 
of cementite (Fe,C) only at the outer 0-3 mm. The 
interior consists of flaky graphite and pearlite, the 
latter having a finer structure near the centre than 
near the edges. According to modern thermodynamic 
data, Fe,C is metastable at all temperatures.!”: !% 
Its rapid decomposition in a pure Fe—C system is in 
striking contrast to its persistence in the presence 
of a small amount of sulphur. The present samples 
contained less than 0-02% of silicon, an element that 
accelerates in some way the graphitization reaction, 
Fe,C — Fe(austenite) + C(graphite). 

The fact that metastable Fe,C crystals can be 
‘caught’ by sufficiently rapid quenching of a melt 
that is in equilibrium with graphite can be explained 
in terms of relative rates of nucleation and growth. 
Cementite has 6-7% of carbon; the constitution of 
liquid iron containing, say, 5% of carbon is therefore 
probably similar in many ways to that of cementite, 
apart from the long-range disorder of the liquid state. 
Nucleation of Fe,C from the melt is therefore easy 
because of the relatively small interfacial energy and 
the slight adjustment of concentration necessary for a 
cementite crystallite to form in the melt. The opposite 
is the case with graphite; the interfacial energy is 
probably higher because of the difference of structure, 
and thus a higher degree of supersaturation is requircd 
to start nucleation. Much diffusion is also required 
to concentrate sufficient carbon atoms to form a 
crystallite of graphite in a matrix containing only 20 
at.-% of carbon. Furthermore, before graphite 
nucleates, cementite can grow and deplete the 
residual liquid in carbon, thus still further tending 
to delay nucleation of graphite. 


IRON-CARBON-SULPHUR MELTS 


Experimental 
When experiments similar to those already described 
were carried out with Fe + ‘FeS’ (prepared syn- 


thetically), different behaviour was observed. Three 
hours, without stirring, proved inadequate to produce 
saturation. The melts were therefore stirred with a 
thick-walled graphite tube, which was dipped into 
the crucible and given a rapid reciprocating motion 
by an electric motor and an eccentric. With this 
arrangement, carbon was dissolved much more 
rapidly. A practically constant carbon content was 
reached in 14 hr., whereas, without stirring, the 
solution was far from saturated after 6 hr.; at least 
15-20 hr. would have been needed, compared with 
3 hr. for melts containing no sulphur. The effect has 
previously been noted by Vogel and Ritzau.!4 

The samples obtained from this series of melts were 
also very different from those already described. All 
the hypereutectic carbon appeared as cementite. 
Even the centres of the rods contained only long 
needles of Fe,C in a ground of eutectic, with very 
regular fine pearlite and containing inclusions of FeS 
(see Fig. 3). No graphite could be detected; even the 
ingot left in the crucible after very slow cooling in 
the furnace contained no graphite, either in the 
interior (see Fig. 4) or on the surface. In sulphur-free 
melts, large flakes of graphite (kish) were found 
projecting from the ingot in the crucible after slow 
cooling. It therefore appears that 0-5-1-0°% of sulphur 
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Fig. 1—Edge of rod from liquid saturated at 1444°C., chilled: C, 4:98°,,; S, nil 
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Fig. 2—Centre of rod from liquid saturated at 1444° C., chilled : C, 498°; S, nil 
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Fig. 3—Centre of rod from liquid saturated at 1524° C., chilled : C, 384°) ; S, 0-87 
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Fig.4—Small ingot cooled slowly in graphite crucible from 
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C, about 4%; S, 1%. The limit of the original 
hypereutectic carbide is shown in (6) 
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entirely inhibited the formation of graphite, either 
from the liquid or from the breakdown of Fe,C. 


Apparent Supersaturation of Molten Iron with Carbon 


In view of the unexpected slowness of the Fe-C-S 
melts in reaching saturation in spite of the fact that 
less carbon had to be dissolved when sulphur was 
present, attempts were made to approach equilibrium 
from the other side, 7.e., to cool a melt after it had 
been held at high temperature. Very anomalous 
results were obtained. For example, in experiment A, 
150 g. of electrolyte iron containing 0-5% of sulphur 
were melted in a graphite crucible and stirred at 
1540° C. for 14 hr. Previous tests had shown that 
this time sufficed to produce a constant carbon 
content. The melt was sampled, and subsequent 
analysis showed 4-4% of carbon, a value fairly 
consistent with a series of other determinations 
carried out in the same way at various temperatures 
and with various sulphur contents‘; in the absence 
of sulphur, 5-22°% would have been found. The 
temperature of the melt was then lowered in 30 min. 
to 1250°C. (i.e., a drop of 290°C.). Stirring was 
resumed, and samples were taken at intervals and 
later analysed. After 3} and 53} hr., the melt still 
contained 4-40% of carbon. The [S] had dropped (by 
reaction with hydrogen) only from 0-51 to 0-48%. 
Such a melt, if saturated directly at 1250° C., would 
have dissolved only 3-66% of carbon. (It is purely 
coincidental that 4-40% is close to the solubility of 
graphite at 1250°C. in absence of sulphur, 4.47%.) 

Experiment B was carried out similarly, but with no 
sulphur. After 12 hr. at 1540° C., the melt contained 
5-20% of carbon. The temperature was then lowered 
to 1340° C. in 30 min., and after 3 hr. the carbon 
content was 4-73%. The temperature was then 
lowered slowly over 5 hr., with stirring, to 1290° C.; 
the carbon content was then 4-50%. All these figures 
agree with the accepted solubility of graphite, showing 
that, just as a pure Fe—C melt soon becomes saturated, 
so it readily releases graphite on cooling. Slow dis- 
solution and suspended desaturation are therefore 
associated with the presence of sulphur. 

Three possible explanations could be put forward: 


(a) The liquid iron remains supersaturated with 
carbon because sulphur inhibits the formation of 
graphite. This explanation can be ruled out by 
reference to the photomicrographs, which prove that 
hypereutectic Fe,;C rapidly crystallizes out when 
samples are quenched. It is inconceivable that a 
solution saturated at 1540° C. should not deposit Fe,C 
after being held for 5} hr. at 1250° C. 

(b) It could be argued that 14 hr. of stirring may 
not produce true saturation, and that the failure of 
the carbon content in experiment A to decrease was 
because 0-5 % of sulphur does not lower the solubility 
of carbon by more than 0:06% at 1250°C. The 
evidence against this theory is that 14 hr. of stirring 
is sufficient to reach a constant value of [C], and even 
when a melt was left overnight at the relatively high 
temperature of 1620°C., and was then stirred for 
14 hr., the observed solubility was consistent, within 
the experimental error, with results obtained with 
14 hr. of stirring only. The photomicrographs also 
show large amounts of hypereutectic Fe,C from melts 
containing only 3-6% of carbon, which is well below 
the carbon content at the Fe—C eutectic in the absence 
of sulphur. This suggests that the solubility line is 
greatly displaced to lower carbon values by the 
addition of sulphur. 
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(c) When a saturated Fe—-C-S melt is cooled, Fe,C 
separates, as shown by the photomicrographs, and 
remains as a persistent phase in suspension in the 
melt. When the melt is sampled, part of this suspension 
is taken, and its overall carbon content is naturally 
about the same as that of the original homogeneous 
solution produced by saturating at the higher tempera- 
ture. The remarkable persistence of Fe,C is proved 
by Fig. 4b. The density of Fe,;C is almost certainly 
very close to that of the saturated solution from which 
it crystallizes. It therefore seems plausible to postulate 
that the carbide crystallites remain in suspension, 
especially while the liquid is being vigorously agitated 
with the stirrer. In some experiments, a partial drop 
of [C] was obtained on cooling. 


The obvious test of theory (c) is to filter off the 
suspension and examine the filtrate. Filtration of 
liquid iron has not previously been described, as far 
as the authors know. Filters were made by sintering 
calcined alumina in a silica tube, a layer of fine 
alumina powder being retained between layers of 
coarse crystalline alumina. The filter bed was about 
1 in. long, and was near the lower end of the silica 
tube. The tube was dipped into the liquid iron and 
filled by suction. The iron sample above the filter 
was subsequently analysed and compared with a 
similar sample taken from the same melt in a sampling 
tube without a filter. 

In several experiments, samples of supposedly 
supersaturated melt gave results lower by 0-1-0-3% 
of carbon when filtered than when sampled direct. 
A coarse filter without the layer of fine alumina 
powder gave negligible depression. 

These experiments partially support the theory 
that cementite remains in suspension, but they are 
not absolutely conclusive. The evidence as a whole 
does not entirely preclude the alternative theory 
that in the presence of sulphur the dissolution of 
graphite is inhibited in some unknown manner, to 
such an extent that even after 12 hr. at 1620°C., 
followed by 1} hr. stirring, the melt remains con- 
siderably undersaturated. This possibility seems, 
however, so unlikely as to be negligible. The assump- 
tion has therefore been made that a melt reaches a 
true saturation after 1} hr. of stirring, and that the 
supersaturation effect is produced by the persistence 
of cementite in suspension. 

To avoid the supersaturation effect it was therefore 
necessary to make solubility measurements with a 
very slightly rising temperature. The procedure 
adopted was to select an appropriate setting of the 
power supplied to the furnace, and then to allow the 
temperature to approach asymptotically to a constant 
value. After a sufficient time, a period was reached 
during which the temperature was rising only very 
slowly, when it was possible to give the melt an 
additional 14 hr. stirring, during which the tempera- 
ture rose less than 10°. The melt was then sampled 
and the temperature stepped up to a higher value, 
and so on. Results so obtained were fairly satis- 
factory, although the scatter was always much greater 
when sulphur was present than when it was absent. 

The numerical results and their interpretation have 
been given in detail elsewhere.‘ The effect of sulphur 
on the solubility of graphite can be represented, within 
the accuracy of the data, by the equation 


C = 1-19 + 0-00262¢ — [S][1-67 — 0-001(é — 1200)), 
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where C is the percent solubility of carbon in a melt 
containing [S]% of sulphur at ¢° C. 


INFLUENCE OF SULPHUR ON RATE PROCESSES 


Quite a small amount of sulphur appears to retard 
the dissolution of graphite (in an unstirred graphite 
crucible), and it also inhibits graphitization of 
cementite to a remarkable degree. These effects may 
be connected in some way, but neither is properly 
understood. 

It is usually considered that the dissolution of a 
solid in an unstirred liquid is governed by diffusion 
of solute away from the surface. Bramley!® showed 
that carbon and sulphur mutually reduce each other’s 
diffusion in solid iron.* Alternatively, density dif- 
ferences may cause convection in the crucible, and 
sulphur may affect the extent of convection. 

Another possibility is that sulphur may form a 
stable ‘surface compound’ with graphite, although 
there is no evidence of this. Some such hypothesis 
is needed to explain the effect of sulphur in retarding 
or inhibiting the graphitization of cementite. All 
thermodynamic indications are that cementite is 
definitely metastable at all temperatures. It seems 
unlikely that a small amount of sulphur, which is 
practically insoluble in cementite, should so displace 
the thermodynamic properties of the Fe—C system as 
to make Fe,C thermodynamically stable. Besides, 
Fe,C has not been observed to form spontaneously 
and continuously at any temperature as a stable phase 
in the presence of sulphur. A more likely explanation 
is that sulphur inhibits nucleation of graphite. This 
could arise either from a restriction of diffusion of 
carbon?®: 16 or from interference with the construction 
of a graphite nucleus. Graphite is a sheet structure 
with covalent bonding in the plane of the sheets and 
van der Waals’ forces holding the sheets together. 
The growth of the crystal could be prevented if 
sulphur combined chemically with the edges of the 
sheets or if it adsorbed physically on the sides of 
sheets. In spite of much attention, because of its 
importance in cast-iron technology, the retardation 
or acceleration of graphitization is still not understood. 


SOLUBILITY OF IRON SULPHIDE IN CEMENTITE 

Figure 4b shows that when Fe,C separates at a 
high temperature from a melt containing sulphur, it 
takes a small amount of FeS into solid solution, the 
solubility decreasing at lower temperatures with the 
consequent separation of minute inclusions of FeS 
within the framework of the primary Fe,C crystal. 

This solid solubility may be responsible for the low 
results that are obtained if the sulphur in white cast 
irons is determined by the evolution method.’ It 
has been confirmed in connection with the present 





* Work is in progress at Imperial College to determine 
whether the diffusion of carbon in liquid iron is influenced 
by the presence of sulphur. The viscosity of Fe—-S—C 
melts is also being studied; it is stated that sulphur 
increases the viscosity of liquid iron. The chief purpose 
of this work is to obtain information about the structural 
constitution of Fe—-S-—C and similar solutions. 
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work that this effect is caused by evolution of volatile 
organic sulphur compounds which are not absorbed 
by reagents that take up H,S.?* 1% 2° These com- 
pounds are decomposed, with release of H,S, by 
passage through a Pyrex tube heated by a Bunsen 
burner. Some organic sulphur compounds might 
result from interaction between nascent H,S and 
unsaturated hydrocarbon produced by dissolution of 
adjacent particles of FeS and Fe,C in acid, but 
dimethyl sulphide (CH,—-S—CH;), which was found by 
Phillips!® and by Naske and Bischoff,?° can hardly 
have arisen in this way. It seems likely that the 
C-S-C- bonds may have been present already in the 
Fe,C-FeS solid solution. 
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THE QUICK-IMMERSION THERMOCOUPLE FOR 
LIQUID STEEL 


A Review of Present-Day Techniques with Practical and 
Theoretical Studies 


FOREWORD 


Although the immersion thermocouple, pioneered by the Liquid Steel Temperature Sub- 
Committee of the Heterogeneity of Steel Ingots Committee of The Iron and Steel Institute 
(formed in 1929)—now the Pyrometry Sub-Committee of the Steelmaking Division of the British 
Iron and Steel Research Association—is now established as a reliable tool for the measurement 
of liquid steel temperatures, there are many variations in the methods of assembling it to meet 
the differing conditions encountered in steelmaking. A review of present-day immersion 
pyrometry practices has, therefore, been made. This is accompanied by theoretical and 
laboratory studies to elucidate the effect of the following factors on the response time of 
immersion thermocouples: (i) Thickness of the thermocouple wire, (ii) method of insulating the 
thermocouple wire, (iji) method of making the junction of the wires, (iv) condition of the 
thermocouple wires, (v) thickness of the thermocouple sheath, (vi) opacity of the thermocouple 
sheath, and (vii) slag covering up the thermocouple sheath. 

The composition of the Sub-Committee from 1947 to 1950 was as follows: 

Mr. E. W. Elcock Mr. D. Manterfield 


English Steel Corporation Ltd. Steel, Peech and Tozer 


(Chairman) Mr. C. H. Pickles Stewarts and Lloyds Ltd. (Corby) 
Mr. J. D. Cresswell Hadfields Ltd. Mr. P. Jubb Brown-Firth Research Labora- 
Mr. G. Doxey Stewarts and Lloyds Ltd. (Corby) tories 
Mr. L. E. Goult Dorman Long and Co. Ltd. Mr. D. Sommerville .. Colvilles Ltd. 
Mr. J. A. Hall National Physical Laboratory Mr. J. W. Todd Hadfields Ltd. 
Mr. J. L. Harrison Low Moor Alloys Steelworks Ltd. Mr. D. K. Hill Society of Glass Technology 
Mr. J. McHenry Edgaz Allen and Co. Ltd. Dr. F. H. Schofield (Retired) 
Mr. W. C. Heselwood The United Steel Companies Ltd. Mr. C. W. J. Crawford Technical Secretary. Steelmaking 


Mr. T. Land Land Pyrometers Ltd. Division, B.I.S.R.A 


Part I—REVIEW OF PRESENT-DAY IMMERSION PYROMETRY 
TECHNIQUES By D. Manterfield, F.I.M., and J. D. Cresswell 


SYNOPSIS 


Enquiries at a number of plants using the quick-immersion pyrometer for the measurement of liquid steel 
temperatures indicated that there was much variation in the details of assembly, application, maintenance, 
and calibration methods. It was considered, however, that some fundamental features could be established, 
although there would be minor differences of maintenance and calibration. 

The paper reviews information already available, and includes the results of co-operative investigations, 
and of the experience and critical discussions in committee. Features of the assembly, reasons for failure or 
error, methods of maintenance, and calibration are outlined, with general comments on the operation and 
practical use of the instrument. 


head assembly, the vital part of the immersion pyro- 
meter, under various conditions, shows that in general 
a rapid and accurate response was obtained, and it is 
a tribute to the efficiency of the apparatus that 


REVIEW of the conditions and techniques applying 
A at 15 steel plants in Britain revealed a wide 

variation in size and type of furnace and plant 
layout, and nature and thickness of slag. Furnace 
types included small H.F., basic electric arc, acid and 
basic O.H., acid and basic Bessemer, side-blown con- 
verter, and cupola. The slag types and natures 
included no slag, oxidizing and ‘ white ’ electric, many 
types of acid and basic O.H., and acid and basic 





Paper SM/AB/168/49 (Revised) of the Pyrometry Sub- 
Committee of the Steel Practice Committee of the Steel- 
making Division of the British Iron and Steel Research 
Association, first received 12th December, 1951, and in 
its final form on 15th August, 1952. The views expressed 


Bessemer. Having a wide range of composition, they 
varied in fluidity from viscous and crusty to thin 
and fluid. The actual slag thickness ranged from less 
than 4 in. to 10 in. 

The following summary of techniques used in the 
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are the authors’ and are not necessarily endorsed by the 
Committee as a body. 

Mr. Cresswell is at Hadfields, Ltd., Sheffield; Mr. Herne, 
formerly on the staff of the Association, is now at the 
National Coal Board; and Mr. Manterfield is at Steel, 
Peech and Tozer, Sheffield. 
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reliable temperature measurements are taken under 
such a variety of conditions. 


DETAILS OF THERMOCOUPLE ASSEMBLY 


The hot junction is almost always made by twisting, 
not welding, the thermocouple wires, and care is 
taken to ensure a tight clean junction over a length 
of #3 in. The junction is renewed after 8-20 immer- 
sions by clipping off about 1 in. of the wires and 
remaking the junction. 

Twin-bore insulators of 0-7-mm. bore and 4-mm. 
outside dia. (major axis) of either silica, fireclay, or 
alumina are used for insulating the wires to the hot 
junction. Generally, silica is used, except for the part 
nearest the hot junction where alumina insulators 
are preferred because they lessen the risk of con- 
taminating the couple. The last portion of the wires 
(usually about 2 in.) is left bare, as this reduces the 
response time and avoids trouble due to bent or 
broken insulators when the silica sheath is renewed. 

The wall thickness of the dipping tube, the silica 
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Fig. 2—Silica sheath (a) fixed in a graphite tapered 
plug, fitted into a mild-steel end block; (6) held 
by a three-jaw collet chuck 
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Fig. 1—Schematic drawing of typical quick-immersion 
thermocouple, suitable for use in electric arc or 


sheath protecting the couple, varied from 0-75 mm. 
to 1-5 mm., the thicker ones being used mainly in 
O.H. practice. It is shown in Part III that response 
time varies directly with sheath wall thickness under 
comparable conditions, but the effect of slag and the 
response time of the measuring instruments introduce 
variations in practice. In general, protective coatings 
such as a clay wash are not used, as they do not 
enable the dipping tube to be used more than once, 
and in any case tend to reduce speed of response. 
Only one dip is made per sheath, except under some 
less arduous conditions in H.F. melting and in iron- 
foundry practice. 

The metal temperatures are generally from 1500° 
to 1650° C., covering the melting to tapping period 
in steelmaking. There are extremes from 1400° or 
1450° C. in foundry practice to 1750° C. or more in 
Bessemer and side-blown converter practice, the latter 
being beyond the range of the present immersion 
pyrometer. 

The time of immersion appears to vary over a wide 
range, from 8 to 20 sec., owing probably to varying 
details of assembly such as sheath wall thickness, 
to different slag conditions, and, to a lesser degree, 
to instrument response time. 

The details of design of an immersion pyrometer 
must vary according to the conditions of use. One 
for use in a H.F. furnace will differ greatly in 
design from one for use in an O.H. tilting furnace. 
For this reason, the illustration of immersion pyro- 
meter design has been limited in Figs. 1 and 2 to 
schematic illustration of the essential principles, as 
follows: 

The basic component is a steel tube A (see Fig. 1) to 
carry the thermocouple wires. This tube must be 
thoroughly cleaned initially by heating it to redness 
and blowing air through. Its length and shape will 
vary according to the use intended; for use on a large 
O.H. furnace, it might be 16 ft. long, with the last 3 ft. 
bent at a right angle, but for an O.H. furnace back- 
wall arrangement, a straight 8-ft. length would serve 
the purpose. For light work (e.g., H.F. furnaces), 3-in. 
electricians’ conduit is usually used without any 
additional protection; for heavier duty, either 
hydraulic tubing or heat-resisting steel tubing with 
or without thermal insulation for added protection 
is used. Thermal insulation B is usually necessary 
in pyrometers for O.H. and electric-are steelmaking, 
and is usually effected by carbon sleeves, but fireclay 
sleeves, diatomaceous brick, refractory cement, and 
silica tubing are used successfully. Two concentric 
metal tubes are sometimes used. The end block C 
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is of carbon or mild steel, and is secured by a gas-tight 
joint; for H.F. work it is usually dispensed with. The 
reel box or connecting box D provides a satisfactory 
means of connecting the rare-metal thermocouple 
wires to the compensating lead and of storing spare 
couple wire. The reel box must be designed so that 
no abrasion or straining of the wire occurs on with- 
drawal from the reel, while still maintaining adequate 
electrical contact. As an alternative to the reel box, 
a telescopic system of tubes carrying a length of spare 
wire may be used. The connector is usually a three-pin 
plug and socket suitable for maintaining correct 
polarity. The thermocouple Z is of annealed 3-mm. 
dia. Pt/Rh-Pt wires (in Britain the Rh-Pt wire is 
usually 13% Rh). The insulators F for the rare- 
metal wires may be twin-bore (0-7-3-0-mm. bore) 
and made of fireclay, aluminous porcelain, mullite, 
silica, or alumina; alumina is preferable near the hot 
junction. These rigid insulators in the steel tube assist 
in preventing mechanical damage to the wire. The 
dipping tube G is usually a silica tube, 4-6-in. long, 
4—6-mm. bore, and 0-75—1-5-mm. wall thickness. The 
method of fixing this tube varies; if a mild-steel or 
carbon end block is used, one method is first to cement 
the tube to a small drilled and tapered carbon block, 
and then to insert this into the end block with a 
twisting action. Alternatively, the dipping tube can 
be fixed directly into the end block by packing with 
either asbestos or steel wool. For light work, where 
no end block is used, the dipping tube is usually held 
in a collet chuck (see Fig. 2b). The measuring instru- 
ment H can be a quick-operating recorder, an indi- 
cator, or a manually adjusted potentiometer. 


OPERATIONAL FEATURES 


A number of other points were revealed by this 
enquiry; although they have no direct bearing upon 
the immediate question of rate of heating, it may be 
useful to discuss them briefly here. 


Failures 


The immersion pyrometer is robust enough for 
works’ use, if handled with care, and failures should 
be rare. Breaks in couple wires, faulty readings, 
contamination of couple wires, breakdown in insula- 
tion due to dampness, and breaks in compensating 
leads are examples of failures, most of which can be 
avoided by control of fabrication and manipulation 
in use. 

Contamination and embrittlement of the couple 
wires is probably the most serious difficulty encoun- 
tered, as shown by the practice of remaking the hot 
junction after 8-20 immersions. Contamination of 
the wires is due mainly to the combined action of 
silicon, sulphur, and carbon, the last element behaving 
as a catalyst. The graphite end block should therefore 
be replaced by mild steel where practicable, such as 
for basic O.H. furnace work; it is dissolved too readily 
in the electric-arc bath. In H.F. furnaces, where there 
is little slag, the end block is usually dispensed with 
and the dipping tube is fixed in position by a chuck. 

In assembling thermocouples, cleanliness is essential, 
especially as regards hands and locality. Broken 
insulators should be unthreaded, and not removed by 
crushing with pliers, which tends to break or kink 
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the couple wire. The chief source of sulphur con- 
tamination is oil, and great care should be taken to 
prevent any reaching the couple components. The 
main tube should be heated to redness while passing 
an air current through it before use. 

Although silica is a contributory cause of con- 
tamination, no satisfactory substitute for the silica 
dipping tube has yet been found. Recent trials have 
included alumina, zircon, and carbon, and metal 
ceramics have also been suggested. 

Reduction of contamination by packing the pro- 
tecting tube with thorium oxide is claimed by one 
Continental user, but this method, as with packing 
with alumina powder, using an alumina tube washed 
with alumina cement, and the use of plumbago plus 
sillimanite instead of silica, is usually associated with 
period rather than with quick-immersion pyrometry. 
The use of alumina instead of silica insulators for 
separating the wires near the hot junction has been 
found helpful. In Sweden, it is claimed that con- 
tamination is reduced by using clean and oil-free steel 
wool in place of asbestos for packing the dipping tube 
in the end block. 

The compensating lead used inside the couple tube 
may become damp owing to condensation. Redesign 
of the assembly to eliminate the compensating lead 
from the tube is the obvious remedy. Dampness in 
compensating leads permanently fixed in the shop can 
cause trouble, especially when a high electrical insula- 
tion is necessary where an amplifying system is used. 
Better siting or use of lead-covered compensating 
leads should cure this. 


Maintenance and Calibration 

Some firms prefer a staff of trained men to assemble, 
operate, and maintain the immersion couples and 
instruments at all times; others supply enough 
couples for the melter to take his own readings, and 
employ a small staff of technicians to construct and 
maintain them. The melter in some cases carries out 
superficial maintenance, such as tip replacement. The 
former method ensures continuous skilled supervision, 
but the latter gives the furnace crews more self- 
reliance and respect for apparatus. 

The degree of maintenance will be governed by the 
suitability of the couple for its particular application; 
some firms have as many as five designs to meet 
different shop conditions; they vary from small hand- 
operated ones for H.F. furnace and ladle work to the 
trolley type for large O.H. furnaces. The permanent 
back-wall thermocouple has advantages where stage 
room is limited and a trolley type would be difficult 
to handle. 

The normal way of checking the accuracy of a 
couple is to immerse it in a bath beside a standard 
couple. As this is done under service conditions, any 
contamination along a length subject to a temperature 
gradient will be taken into account. This also applies 
to the method used at a French steelworks, where the 
wires at the hot junction are bridged with palladium 
wire, and the couple is immersed in a furnace bath 
at a temperature of 1560—-1590° C. There should be a 
halt or break in the heating curve at 1552°C., the 
melting point of palladium (1948 International Tem- 
perature Scale). 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








390 


The Physics Section of B.I.S.R.A. has recently 
designed a portable carbon-tube high-temperature 
furnace for checking couples on the furnace stage. 
The silica tube head of the immersion couple is 
inserted into the furnace chamber, and its reading is 
checked against a standard couple contained in a 
similar silica tube mounted in the furnace. 

Couples can also be withdrawn from their protecting 
tubes and checked in the laboratory at the melting 
point of palladium by the ‘ wire ’ method.® 1% 

All measuring instruments should be checked 
periodically against a standard potentiometer by 
applying fixed potentials. Where an amplifying 
system is used, press buttons are usually incorporated 
for checking against two standard output currents 
proportional to two specific temperatures suitable for 
the range covered. These are very convenient and 
should be used regularly, but, in addition, an occasional 
check should be made by means of potential divider 
and potentiometer. 

A quick and useful test is to apply a potential to 
the open wires at the hot-junction end of a couple 
connected by its service length of flexible compensat- 
ing lead to a fixed pyrometer installation. Continuity 
will show that the system is usable. 


GENERAL COMMENTS 


In striving to improve the precision of liquid steel 
temperature measurements, the measured temperature 
should represent that of the bath as a whole. Although 
the temperature gradient is small when the bath is 
boiling freely, steep gradients can be set up when the 
bath is quiescent. In such cases, the bath should be 
rabbled before the temperature is measured. 

The influence on steel quality of steel temperatures 
during refining and tapping has been recognized, 
although little has been published about it, and many 
steel plants have introduced temperature control from 
melt to tap, with resulting improvement in the quality 
of the product. 

The ultimate aim in immersion pyrometry is to 
obtain a continuous temperature record from melting 
to tapping. In spite of practical difficulties, recent 
work has established a method! applicable to H.F. 
melting for measuring steel temperatures continuously 
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over a substantial period. Further development, 
chiefly in regard to a protective refractory, is needed 
before the method can be applied to other steelmaking 
processes, where thicker slags are encountered. 
Good progress has also been made in the develop- 
ment of instruments that will measure the very high 
temperatures encountered in the manufacture of 
stainless steel in the arc furnace by the oxygen 
lancing process, and the measurement of steel tem- 
peratures up to 1825° C. is practicable. Research is 
continuing to make it possible to measure the even 
higher temperatures that result from this process. 
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Part IIA THEORETICAL STUDY OF THE RESPONSE OF THE 


QUICK-IMMERSION THERMOCOUPLE 


By H. Herne 


SYNOPSIS 


The mechanism of heat transfer from a liquid steel bath to a quick-immersion thermocouple wire is 


examined, and radiation and conduction are shown to be of comparable importance. 


Approximate 


calculations are made of the rate of heating of the wire for different wire diameters and sheath thicknesses. 
The effect of the possible adherence of slag to the thermocouple sheath is calculated and shown to be 


approximately equivalent to increasing the sheath thickness by the adherent slag thickness. 


The sheath 


thickness affects the rate of heating but is not the primary factor; any method of increasing the thermal 
absorptivity of the thermocouple wire would increase the rate of heating appreciably. The steady-state 
‘error’ due to thermal conduction along the thermocouple wire is examined in detail and a criterion for 


making this negligible is specified. 


HE theoretical problem of estimating the response 
of a quick-immersion thermocouple when plunged 
in a bath of liquid steel divides into two considera- 

tions. The first is the transient condition when the 
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temperature of the thermocouple wire itself is being 
raised by heat transferred from the bath. In this 
period, the e.m.f. of the couple increases steadily, and 
the basic problem is to. estimate how long it takes to 
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reach a value only slightly different from the final 
value. The second consideration is the steady-state 
condition that the thermocouple reaches after a long 
time, when the problem is to estimate how nearly the 
thermocouple temperature is equal to the steel bath 
temperature. There is always a small difference of 
temperature, the thermocouple being a little cooler, 
so that the heat conducted by the thermocouple wire 
itself to its cold end is equal to the heat transferred 
to the wire from the steel bath. 

These two problems are considered separately; it 
is assumed in the transient heating-up problem that 
the wire conduction loss is small compared with the 
thermal capacity of the wire itself. The steady-state 
condition is assumed to exist after a time longer than 
that required to heat the couple to within one or two 
degrees of the bath temperature, when the tempera- 
ture of any particular point of the wire is assumed to 
be a constant value. 


RATE OF HEATING 


Construction of the Thermocouple 

In this work, general analytical solutions of the 
problems cannot be found, so that numerical solutions 
must be computed. These have to be based on actual 
dimensions and properties of materials, so the thermo- 
couple is assumed to consist of a platinum and 
platinum-rhodium pair of wires of 0-2 mm. or 0-5 mm. 
dia., supported in spacers, which may or may not 
reach the hot junction; the whole is enclosed in a 
cylindrical sheath of fused silica, 6-25 mm. outside 
dia., sealed at one end. The thickness of the sheath 
wall may be about 4, 1, 14, or 2 mm. The entries in 
certain mathematical tables make it much simpler 
to compute the problem for a sheath thickness of 
0-52 mm. than for } mm., for example. These values 
for wire and sheath were chosen after discussion 
with users. 

Subsequent, and valid, criticism has been levelled 
at the choice of only one outer sheath diameter. This 
limitation was to reduce the amount of computation 
but it equally reduces the immediate range of applica- 
bility of the theoretical figures. Tables of numerical 
data are given from which the conduction in other 
sizes of sheath may be calculated; alternatively, the 
time for any point of the sheath to reach some pre- 
determined temperature is in this problem _pro- 
portional to the square of a linear dimension for 
geometrically similarly shaped sheaths, so that a 
quick calculation of heat conduction in the sheath 
may be based on this similarity theory. The calcula- 
tion of the heat transfer to the wire by conduction 
and radiation necessitates, however, separate compu- 
tations for different sheath sizes. 

The thermal properties of the various materials are 
given in Appendix I; these figures represent the data 
given by the manufacturers of the material, combined 
with values from “‘ Physical and Chemical Constants ”’ 
by Kaye and Laby and the “ International Critical 
Tables.” At high temperatures the thermal properties 
are often not known accurately. 


Mechanism of Heat Transfer 


Heat may be transferred to the wire in three different 
ways; by conduction, conyection, and radiation. These 
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processes act simultaneously but it is convenient to 
consider them separately at first. 

Conduction may take place in two ways. It may 
occur through the sheath and through the insulating 
spacer to the wire, or through the sheath and the 
air in it to the wire. A possible third way, when the 
wire is bent and touching the inner wall of the sheath, 
has not been considered in detail, as this is unusual, 
and would, moreover, speed up the rate of heating 
above the rate in the other cases, which is desirable. 

It is more difficult to estimate, or even to visualize, 
natural convection. The simple picture of hot air 
heating a cold wire, cooling itself, and thereby creating 
a convective current is hardly applicable. At the 
moment of immersion, the thermocouple wire and the 
air around it are at the same temperature. The air 
is heated by conduction through the silica sheath 
and then by natural convection at the inner surface 
of the sheath, and the wire is heated by more than 
one process. For example, the radiation may well 
heat the wire faster than the air itself heats up by 
conduction on first dipping the thermocouple head 
in the steel bath. In this case, natural convection 
at the wire surface may even tend to cool the wire 
rather than heat it. Furthermore, there may be a 
large temperature gradient across the air from the 
inner surface of the sheath to the wire after the sheath 
has heated through. At the temperatures of liquid 
steel, the natural convective heat transfer is much 
smaller than the radiation heat transfer, even when 
due allowance is made for the relatively small diameter 
of the thermocouple wire. For these reasons, natural 
convection, as distinct from heat conduction through 
the sheath and the air inside it, is ignored in the 
calculations. 

Radiation passes directly from the steel bath to 
the thermocouple, since the sheath is largely dia- 
thermanous. It is difficult to obtain even an approxi- 
mate figure for the fraction of the radiation trans- 
mitted by the sheath in these conditions but the 
estimates are large and in the calculations the sheath 
is assumed to transmit all the radiation. The inner 
walls of the thinner sheaths heat up relatively rapidly, 
so that the assumption of full radiant transmission 
is applicable. 

Figure 3 has been drawn to show a simple com- 
parison between conduction and radiation. The 
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Fig. 4—Temperature at axis of silica cylinder 


straighter curve is the heat transferred by conduction 
in air to unit length of a }-mm. platinum wire along 
the axis of a 6}-mm. cylindrical furnace at 1650° C., 
plotted against the temperature of the wire. The 
other curve is the heat transferred by radiation under 
similar conditions. 


Conduction in the Sheath and the Insulating Spacer 


To calculate this rate of heating, the sheath and 
spacer are idealized to a solid cylinder of silica 6} mm. 
in diameter, and the thermocouple wires are assumed 
to be very small and on the axis of the cylinder. In 
fact, the wires have a specific heat per unit volume 
of about twice that of fused silica, so that the rate 
of heating of real wires would be rather less. However, 
the assumption of a solid cylinder of silica introduces 
a far greater error, as there are two air gaps, one 
between the sheath and spacer and one between the 
spacer and wire. In addition, the manufacturers 
recommend an oval spacer which will still further 
reduce the heat transfer and thus the rate of heating. 
This calculation is therefore of dubious value but it 
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Fig. 5—Temperature at inner wall of sheath 
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has been included in Fig. 4 for comparison. It has 
been computed from the standard formula! by using 
a value of 0-0093 sq. cm./sec. for the thermal diffusi- 
vity of silica, deduced from the values given in 
Appendix I. 


Conduction in the Sheath 

When there is an exposed length of thermocouple 
wire projecting from the insulator, as there usually 
is, heat can be transferred to the wire by conduction 
through the sheath and the air gap. A rough calcula- 
tion shows that the thermal resistance of the sheath 
is negligible compared with the air. However, the 
inner surface of the sheath takes an appreciable time 
to heat, owing to the sheath’s thermal capacity. The 
temperature of this inner surface has been calculated 
as a function of time in Appendix II, and Fig. 5 gives 
the curves for the four sheath wall thicknesses—0- 52, 
1-04, 1-56, and 2-08 mm.—when the outer diameter 
of the sheath is 6} mm. 


Effect of Slag Pick-up on the Sheath 


When immersed in the O.H. furnace bath the 
sheath may pick up a layer of viscous slag that 
adheres when it is in the steel proper. This condition 
is difficult to calculate but if it is assumed that the 
slag is at the steel bath temperature, that the film 
of slag is as thick as the sheath wall, and that the 
thermal properties of the slag are the same as those 
of silica, the calculation in Appendix II shows that 
the composite (hot-slag/cold-sheath) behaves much 
like a sheath of twice the original thickness, initially 
cold, as far as its inner wall temperature is concerned. 
The results of this calculation are shown in Fig. 6 
which, by comparison with Fig. 5, shows clearly that 
the adherent slag effectively increases the sheath wall 
thickness by its own thickness. 
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Fig. 6—Effect of slag pick-up on the sheath 
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Radiation Through a Diather- 


manous Sheath 163 


A vitreous or transparent . 
silica sheath passes all the 
radiation falling on it up to 
about 44 in wavelength, and 
a satin-finish sheath, although 
it appears opaque, also passes 
most of this radiation. The 
mathematical assumption then 
becomes that the wire receives 
radiation from a furnace at 
1650° C. Normally, the two 
wires do not shadow each other 
appreciably and from simple 


> 


nN 


b 


nN 





geometrical considerations the lO 

shadowing must be less than oF 

18% of the total surface. ———}—+}+ 
4 + 


Furthermore, if the two wires 
were close to each other they 
would mutually increase their 
thermal absorptivities,. which 
would tend to compensate for O 
the shadowing. The calcula- 
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tions of radiant heat transfer in Fig. 8—Heating of (a) 0-2-mm. and(b) 0.5-mm. wire by conduction and radiation 


Appendix IIT are made, there- 

fore, on the assumption of a single platinum wire in a 
furnace enclosure at 1650°C. The curves shown in 
Fig. 7 are the results of the calculations for wires 
of 0-5 and 0-2 mm. dia. respectively. 

An examination of Appendix IV will show that the 
rate of heating of the wire by radiation depends 
directly on the thermal absorptivity and the peri- 
meter/area ratio of the wire cross-section. For 
platinum the thermal absorptivity is less than 0-2 
at these temperatures, and blackening the wire could 
make a reduction of up to five times in the radiative 
heating-up time. Similarly, a mechanical flattening 
of the wire or the use of fine strip could reduce the 
heating-up time. 


Conductive and Radiative Heating of the Thermocouple 


The most probable method of heating the thermo- 
couple wire is by simultaneous radiation and con- 
duction. The radiation is assumed to pass directly 
through the sheath wall and conduction to take place 
in the air between the inner wall of the sheath and 
the wire. Conduction may operate in either direction 
depending on the relative temperatures of wire and 
inner sheath wall. The inner sheath wall temperatures 









































1700 
| 5 Ri — 
¥ 2 
¥ Py ae — | 
uf vy 
s sl 
i =4 
< 7, os 
2 r4 
= 
w 
=5 BZ 
O I 2 3 a 5 
TIME, sec. 


Fig. 7—Heating by radiation 
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are given in Fig. 5; they have been calculated on 
the assumption that no heat crosses the inner wall 
of the sheath, which has been ignored in the calcula- 
tion of the rate of heating of the wire. The actual 
calculation is outlined in Appendix V, and the results 
for 0-2-mm. dia. wire in sheaths of wall thickness 0, 
0-52, 1-04, 1-56, and 2-08 mm. are given in Fig. 8a; 
corresponding results for 0-5-mm. dia. wire are 
given in Fig. 8b. Both these figures are drawn with 
logarithmic temperature scales to clarify the relation- 
ship. 

STEADY-STATE ERROR IN THE THERMOCOUPLE 

In many applications of thermocouples, there is an 
‘error,’ a temperature difference between the thermo- 
couple and its surroundings, due to conduction of 
heat along the thermocouple wire itself.2;* The 
steady state is reached when the thermocouple has 
a temperature such that the heat transferred to it 
from the surroundings is equal to the heat conducted 
along it. This effect occurs with the quick-immersion 
thermocouple; to calculate the error, the thermo- 
couple surroundings must be specified. 

The detailed calculations given in Appendix VI are 
based on the physical assumption that there is a 
length LZ of bare thermocouple wire in the sheath from 
the thermocouple junction to the point where the wire 
enters its insulating spacer. This spacer is made from 
a refractory material that has a much smaller thermal 
conductivity than the wire, and it is usually opaque 
to radiant heat. The first simplification is therefore 
to assume that the inner wall of the refractory spacer 
does not heat up, but remains at the ambient tempera- 
ture before the instrument is immersed. Secondly, 
the heat transfer to the wire from the steel bath is 
assumed to occur as described, and the heat lost from 
the wire in the spacer is assumed to occur similarly 
by conduction and radiation to the inner wall of the 
spacer. Other assumptions are that the wire in the 
spacer is long compared with the bare length in the 
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Fig. 9—Relationship between length of wire bare in 
the sheath and the error between thermojunction 
and steel bath temperatures 


sheath, and that any cross-section of the wire is all 
at the same temperature. 

The theoretical curve of Fig. 9 is calculated on 
these assumptions; it gives the relationship between 
L, the length of the wire bare in the sheath, and 6, 
the error or the difference between the thermo- 
junction temperature and the steel bath temperature. 
This calculation is a numerical one for a }-mm. dia. 
thermocouple wire in a spacer having a hole of 1 mm. 
dia. From the assumptions outlined above, it is 
probably more accurate to say that it is a conservative 
approximation to the error, i.e., the error for a 
given length Z is not greater than the value given 
by Fig. 9. This figure cannot easily be generalized, 
as the problem has a number of parameters and must 
be solved numerically. 


LIMITATIONS OF THE THEORY 


The theoretical calculations outlined above are 
based on a number of assumptions that limit their 
applicability. The geometry is assumed always to be 
cylindrical and symmetrical. End effects are ignored 
and the junction itself in particular is assumed to be 
the same as the rest of the wire. When a fused 
junction is used this is often a spherical end appre- 
ciably larger in diameter than the rest of the wire. 
The thermal properties of the refractories are assumed 
not to vary with temperature. This assumption is 
relatively unimportant because the factors that it 
influences, such as the heating of the thermocouple 
sheath, are also relatively unimportant except for 
unusually thick sheaths. The steel bath temperature 
is assumed to be unaffected by dipping the thermo- 
couple head in it; this has been verified experi- 
mentally* when the head does not have large masses 
of cold metal associated with it. 

A number of other minor assumptions have been 
made and, as far as possible, these have been men- 
tioned explicitly in the text and particularly in the 
Appendixes. 


CONCLUSIONS 


The conclusions that may be drawn from this work 
are of two kinds. Firstly, the theory indicates what 
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effects changing the physical conditions of the thermo- 
couple has on its response. 

Mechanism of Heat Transfer—Conduction in the 
sheath and in the air inside it, and radiation are of 
comparable importance. 

Surface Absorptivity of the Thermocouple Wire—If 
thin sheaths are used, the rate of heating of the 
thermocouple wire could be increased by a factor of 
3 to 4 if the surface absorptivity of the wire could be 
increased to near unity by some form of blackening. 
Mechanical shape would also affect the rate of heating, 
and strip would heat faster than circular section wire. 

Sheath Thickness and Opacity—For a transparent 
sheath, the effect of the thickness of the sheath up to 
about 14 mm. is less than 10% on the heating time 
for 0-5-mm. thermocouple wire, and is only 20% with 
a sheath thickness of about 2 mm., which is relatively 
unimportant. If thermocouple wires of 0-2-mm. dia. 
are used the effect of sheath thickness is much more 
marked and it is advisable not to use a sheath thicker 
than 1 mm. Even this increases the time of heating 
by about 35%. 

The exact quantitative effect of opaque sheaths has 
not been determined, because it would involve much 
more computation. However, Fig. 5 shows that the 
opacity of thinner sheaths, below 1 mm., would have 
a small effect on the heating of 0-5-mm. dia. thermo- 
couple wire; for 0-2-mm. dia. wire the sheath would 
need to be less than 0-5 mm. thick for the effect of 
opacity to be relatively unimportant. 

Slag Pick-up on the Sheath—The adhesion of slag 
on the sheath is approximately equivalent to an 
opaque sheath equal in thickness to that of the 
original sheath and the slag. 

Steady-State ‘ Error’—Conduction of heat along the 
thermocouple wire need not cause an appreciable error 
if a short length of bare wire protrudes from the 
insulating spacer. 

Secondly, the curves of Fig. 8 may be compared 
with experimental results to see if the theory fits 
practice quantitatively. 


APPENDIX I 


Thermal Properties of Materials 


LIST OF SYMBOLS 


Absolute temperature, °K. 
Radius 
Time 
Thermal diffusivity 
Outer radius of sheath 
Inner radius of sheath 
Separation parameter 
9 Bessel function, zero order, first kind 
Bessel function, first order, first kind 
re Bessel function, zero order, second kind 
(Weber) 
Y, Bessel function, 
(Weber) 
Ry(ur) Abbreviation for Jn(ur)¥o(ua) — YVn(pr)Jo(ua) 
Cross-sectional area of thermocouple wire 
Cross-sectional perimeter of thermocouple 
wire 
Stefan-Boltzmann constant 
Radius of thermocouple wire 
Thermal conductivity of thermocouple wire 


QQ 8 EK SD 


first order, second kind 


yh 


Rey? 
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Ka Thermal conductivity of air 
m 

ne Constants of integration. 

Pu 


THERMAL PROPERTIES 


The materials in this problem are silica, platinum, 
and air. The platinum-rhodium alloy is assumed to 
have the same properties as platinum although its 
thermal conductivity, for example, is less. 


Silica 

Data provided by Moore’ have been used : 

Mean thermal conductivity = 0-0058 cal./em.° C. sec. 

Mean density = 2-2 g./c.c. 

Mean specific heat = 0-283 
Platinum 

The mean density has been taken as 21 g./c.c. The 
specific heat is a function of temperature,* and 
a simple relationship of 0-030 + 6-4 x 10-9 is 
adopted. The total emissivity is also a function of 
temperature,” ® and is assumed to be 1-05 x 10-*6 
— 0-0087. These two temperature-dependent proper- 
ties fit approximately to experimental determinations 
in the range 0-1700° C. Experimental values for the 
thermal conductivity at high temperatures are not 
available, but values for the electrical resistivity are. 
From the Wiedmann-Franz law, assuming the Lorenz 
function to have its theoretical value of 5-86 x 10-°, 
the thermal conductivity becomes 0-145(1 + 1-7 
x 10-49) cal./em.° C. sec.; a mean value is 0-172 
eal./em.° C. sec. 
Air 

Data on the thermal properties of air have been 
published. The value for the thermal conductivity 
adopted in calculations of the rate of heating is 
1-8(1+ 1-7 x 10-59)10-4 cal./em.° C. sec. ; the simpler 
value of 2-2 x 10-4 cal./em.° C. sec. has been adopted 
in the calculation of the steady-state error for the 
region where there is conduction from the sheath tuo 
the bare wire, and 1-6 x 10-‘ cal./cm. ° C. sec. for the 
region where there is conduction from wire to the 
insulating spacer. 


APPENDIX II 


Conduction in the Sheath 


The physical assumptions in the problem are that 
a long symmetrical hollow cylinder of silica, outer 
radius a@ and inner radius ), initially at 20° C. is 
immersed in a bath at a fixed temperature of 1650° C. 
The problem is to determine the inner wall temperature 
as a function of time. 

It is simpler to start with the problem where the 
silica initially at unit temperature is immersed in a 
bath at zero temperature. The equation of heat flow 
is then 

e706 ~=—6 1 00~=—S 1 «20 


tte ea Ho 
The boundary conditions become _ 
Oe QO Lor h -se-@y GE sii ccccecesi (i) 
2 nw Ohes «allt ieaseewunees (ii) 
cor 


6 =1 fort =0,a>r> b...(iii) 
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The general solution of the equation is 
6= =| m,Jolur) + n, Y o(ur) Joxe —ky*t). 
B 


Condition (i) then gives 


= — m, Jove) 
~~“ ™~ ¥ (ua) 


and condition (ii) determines yp as the zeros of 
To(wa)¥ (ub) — Fo(ua)J ,(ub). 
The solution of the equation may then be written 


@ = Epa Folur)¥ (aa) — ¥ o(ur)Jo(ua) Jexp( —ku*t) 


It is convenient to write J,(ur) Yo(ua) — Y,(ur)J9(ua) 
as R,(ur). Then R,(ua)=0, and R,(ub) = 0 from 
conditions (i) and (ii); the values of » are in fact the 
zeros of R,(ud). 


Furthermore, 
9 








R,(pa) = rs 
and 
Ry(ub) = a Hes) (olub)¥ s(ub) — ¥ o(ub)J (ub)] 
ee 2T (ua) 
mybJ (ub) 


Condition (iii) gives 
L = Lp Ro(Ur) ....-..eecrercercesceees (1) 
pe 


To evaluate p, multiply each side of equation (1) 


by rR,(ur), and integrate with respect to r from 5 
toa. Then 


a a 
| rR,(ur)dr -| rR(ur)Xip, Ro(ur)dr 
Be 


b b 
a 
-| Putl Ro(ur)]*dr 


rt, a 
e, [ER wr] =p | 5{URour?— Run} | 
b 6 


(See, for example, Carslaw and Jaeger,! loc. cit., 
p. 179, equation 9.) 


Thus & a[J ,(ub)|? 7 
ps Pu = (F,(ub)]? — (Solna)? 
Therefore, 6= 29 mJ s(ub))* , Ro(urexp( —kp*t), 
J s(ub))} 2_ aay 2 (ua) ] ol “ 


where the anni is over all the zeros of R,(u5). 


At the surface, r = b; the temperature is therefore 


27 (ub) Jo(uwa) exp (— Ky*t) 
ius 
. 2. (bloat — [J s(ub)]*} 


The first six zeros of R,(ub) and the corresponding 


values of dy (ub)\Jo(ua) 
ub {[Jo(ua)]® — [J (ub)]*} 


have been tabulated?® for values of a/b from +/1-10 
to 5-0 (see Tables I and II respectively). These tables 
have been slightly extended and have been both 
checked and slightly amplified by the Mathematics 
Division of the National Physical Laboratory. 
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Table I 
THE FIRST SIX VALUES OF yb, THE ZEROS OF J,(ua)Y,(ub) — Y(ua)J,(ub) 
a/b Ist 2nd 3rd 4th 5th 6th 
/1-10 32-4941 96 -6526 160-9760 225-323 289-678 354-037 
1-06 26-4899 78-6443 130-9624 183-3044 235-654 288-008 
1-08 19-9422 59-0088 98-2372 137-4893 176-7493 216-013 
1-10 16-0126 47-2273 78-6020 110-0002 141-4062 172-8159 
1-15 10-7703 31-5182 52-4214 73-3478 94-2820 115-2197 
1-20 8-1463 23-6631 39-3308 55-0214 70-7197 86-4215 
1-25 6-5697 18-9497 31-4763 44-0254 56-5822 69-1425 
1-30 5-5170 15-8072 26-2398 36-6947 47-1572 57-6231 
1-40 4-1978 11-8784 19-6938 27-5311 35-3757 43-2237 
1-50 3-4029 9-5206 15-7660 22-0327 28-3067 34-5840 
2-00 1-7940 4-8021 7-9090 11-0351 14-1680 17-3040 
3-00 0-9596 2-4372 3-9782 5 -5350 7-0977 8 -6633 
4-00 0 -6670 1-6450 2-6664 3-7008 4-7405 5-7827 
5-00 0-5147 1-2466 2-0096 2-7833 3-5616 4-3423 





























The solution may then be applied directly to the 
quick-immersion thermocouple sheath to give the 
inner wall temperature as 





27 1(#b) J o(ua) exp(—Kp*t) 
Bre ee + Ss [(Jo(ua)]® — (Jx(ub)]*} 


where 6 = 0-625 nl k = 0-0093 sq. cm./sec., and 
a is chosen to give sheath wall thicknesses of 0-52, 
1-04, 1-56, and 2-08 mm. 

The values of yw are the zeros of Jo(ua)Y,(ub) — 
Y,(ua)J,(ub). The results of the calculations are given 
in the curves of Fig. 5. 


APPENDIX III 


Conduction in the Sheath and Adherent Slag 


The physical assumptions in this problem are that 
the long cylindrically symmetrical silica sheath has 
an inner radius 6 and an outer radius 4, is initially at 
20° C. and is suddenly immersed in a bath at 1650° C. 
On immersion it acquires a coating of slag as thick 
as the sheath wall and having the same thermal 
properties but which is initially at 1650°C. Heat is 
then conducted from the outer surface of the slag 
coating. 

As in Appendix II, it is easier to consider first the 
problem of the sheath and slag where the surroundings 
and the slag are at zero temperature and the sheath 
is initially at unit temperature. 

The differential equation is the same: 


0 1.60 1.00 _ 
or? ror ka 


with the conditions 
6 =0atr = 2a-4d, allt 


Fake ake all ¢ 


ér 
O lomre creas peme 
As in Appendix II, the solution of this equation is 
2P,.Ha(ur) exp(—kp*t) 
where the values of p are the zeros of R,(ub), and 
Ralur) = In(ur) ¥o(ul[2a —b]) — Vn(ur)Jo(u{2a —b)). 
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Similarly, the values of p, are determined by 
2p, te(ur) = =i foro <7 <2 
= 0 fora <r < 2a—b. 
Multiplying each side by r#,(ur) and integrating with 
respect to r from b to 2a—b: 


2a—b ‘a 
| Purl Ro(ur)|?dr -| rRo(ur)dr; 
b b 
2.€., 
r2 f . 2a—b a 
Pr 5 {our}? + [Ry ury}*} | = [run |’ 
7 ak, (ua) 
=~ 2) ee [=a a5 |} 
~ | (ub) 
The final solution is hii: 
be pease ¥ (ua )= Folol2a —b)itwa)} 


m 9! ‘(22 o(H[2a a 1 \ 


J y(ub) 
x {Jolur) ¥o(ul2a—b]) — Yo(ur)Jo(u{2a —b]) be *u*t. 





and 





Therefore, the solution of the actual sheath and slag 
problem to give the inner sheath wall temperature 
(i.e., when r = b) is 


1650 —16307 x 





b 
% { Jo(u[2a —b]) ¥ ,(ua) — Fo(u[2a —b}) J, (ua) be *** 
_Fi(ub) _ _ Jo(ul2a—b)) 
J o(u{2a —6]) J (ub) 


where the summation is over py, the zeros of 
J 1 (ub) ¥ o(u[2a —b]) — V4 (ub)Jo(u[2a —b)). 


This value for the inner wall temperature has been 
calculated for sheath wall thicknesses of 0-52, 1-04, 
and 2-08 mm. using Table I of Appendix II to 
determine p. The results are shown in Fig. 6. 


APPENDIX IV 


Rate of Heating of the Thermocouple Wire 
by Radiation 


The physical assumptions are that heat is radiated 
from a furnace at 1650°C. on to a single wire of 
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Table II 


2J, (ub) Jo(ua) 





THE FIRST SIX VALUES OF 


pb { [Jo(va) }? [Jy (ub) } } 


WHEN J,(ua@)¥;(ub) — Y,(ua)J,(ub) = 0 



































a/b Ist 2nd 3rd 4th 5th 6th 

V/1-10 1-2866 —0-4434 0 -2669 —0-1906 0-1486 —0-1214 
1-15 1-2880 —0-4529 0-2727 —0-1933 0-1518 —0-1242 
1-20 1-2953 —0-4608 0-2781 —0-1988 0-1551 —0-1267 
1-25 1-3000 —0-4692 0-2835 —0-2030 0-1580 —0-1292 
1-30 1-3045 —0-4776 0-2890 —0-2069 0-1610 —0-1320 
1-40 1-3144 —0-4963 0-3051 —0-2146 0- 1663 —0-1368 
1-50 1-3229 —0-5087 0-3093 —0-2219 0-1727 —0-1416 
2-00 1-3635 —0-5742 0-3545 —0-2551 0-1991 —0-1633 
3-00 1-4256 —0-6720 0-4234 —0-3091 0-2456 —0-1989 
4-00 1-4601 —0-7409 0-4813 —0-3502 0-2770 —0-2283 
5-00 1-4990 —0-7941 0-5252 —0-3892 0-3045 —0-2531 
cross-sectional area A and perimeter P. This wire A9%91 (0-030 eee ae ee 


has a thermal emissivity given by 1-05 x 10-49 — 
0-0087. Therefore, the absorptivity of the wire to 
radiant energy with a wavelength distribution of 
energy corresponding to a temperature of 1650° C. is 
0-193. 

Thus the heat absorbed by unit length of the wire 
per unit time is 


Po{0-+193 x 19234 — (1-05 x 10-40 — 0-0087)6*}- 


The heat needed to raise the temperature of the 
wire per unit length per unit time is 
4121 (0-030 + 6-4 x 10-*6). 

Therefore, 

dO. 0:030+6:-4x 10-0 = oP 
dt 0-193 x 19234 — (1-05 x 10-46 — 0-0087)64 214 
214(? (0-030 +6-4 x 10-*0)d0 
OP J 49,0 193 x 19234 +0 -008764 —1 -05 x 10-405 





1.¢.,¢ = 





This integral has been evaluated numerically for 
0-5-mm. and 0-2-mm. dia. wire, and the resultant 
values are shown in Fig. 7. 


APPENDIX V 


Rate of Heating of the Thermocouple Wire 
by Radiation and Conduction 


The following calculation assumes that heat is 
radiated to the thermocouple wire as described in 
Appendix IV, and also that heat is conducted from 
the inner wall of the sheath to the wire. If the wire 
has a radius R and an absolute temperature §, and 
if the inner wall of the sheath has a radius 6 and an 
absolute temperature §, as given in Appendix II, 
the quantity of heat conducted per unit time to unit 
length of the wire is: 

Qn x 1-8(1 + 1-7 x 10-56)10—-* x (0, —0)/loge(b/R) 


where 1-8(1 + 1-7 x 10-5§)10-4 is the thermal con- 
ductivity of air, in c.g.s. units. The radiant heat 
transfer is the same as in Appendix 1V 


Po{0-193 x 19234 — (1-05 x 10-46 — 0-0087)0*}- 


The heat balance that defines § is then, in the above 
notation, 
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— (1:05 x 10-46 — 0-0087)6*; 

+ 27 x1-8(1+1-7 x 10—56)10—4 x (6, —9)/loge(b/R)...(2) 

Since §, is a function of t, this differential equation 
has to be solved numerically. This has been done by 
using Kutta’s Simpson’s rule to start the integration 
and then by forward integration, for 0-5-mm. and 
0-2-mm. dia. wire and for sheath thicknesses of 0-52, 
1-04, 1-56, and 2-08 mm., the outer sheath diameter 
being 6-25 mm. in each case. 

When the sheath wall thickness is zero, equation (2) 
simplifies to 
d0, = er " 
dt 21 (0-030 + 6-4 x 10-*9) = Po 0-193 x 19234 

— (1:05 x 10-46 — 0-0087)64 > 
+22 x1-8(1+1-7 x 10—-56)10—4(1923 — 6)/log.(0 -3125/R), 
which can be integrated directly by numerical methods 
to give the relationship between § and ¢. 

The results of these calculations are shown as 
curves in Fig. 8a for the @-2-mm. dia. wire and in 
Fig. 86 for the 0-5-mm. dia. wire. The temperature is 
given on a logarithmic scale in degrees Celsius, as this 
clarifies the later stages of heating. 


A 


APPENDIX VI 


Error due to Thermal Conduction by the 
Thermocouple Wire 

When the thermocouple wire has reached a steady 
temperature there is still a temperature difference 
between the wire and the steel bath ; this temperature 
difference must transfer as much heat to the wire as 
that conducted along the thermocouple wire to its 
cold junction. To make approximate calculations of 
the magnitude of this error the following physical 
assumptions are postulated: 

The thermocouple consists of a length L of platmum 
wire of cross-sectional area A and perimeter P in a 
sheath receiving heat by radiation and conduction, as 
outlined in Appendix IV. The rest of the thermo- 
couple wire, which is long, is enclosed in an insulating 
spacer whose inner surface is maintained at an 
ambient temperature of, say, 20°C. The inner surface 
of this insulating spacer is assumed to have unit 
thermal emissivity and absorptivity, so that these 
postulates represent an upper limit to the error term 
under these conditions. 


As the problem has to be computed numerically, 
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one typical case has been studied in detail; in this 
the wire is 0-5 mm. dia., the sheath has an outer 
dia. of 6-25 mm. and an inner dia. of 4-75 mm., 
and the spacer has an inner dia. of 1 mm. 

If any cross-section of the wire is assumed to be 
all at the same temperature, the loss of heat by 
conduction per unit length of the wire is 


“— a(K A) 


where z is the distance along the wire measured from 
the end of the insulating spacer. If K is assumed 
to be independent of temperature this expression 


becomes -KA ZT, . 


The heat uaanead to the wire per unit length 
is Po{0-193 x 19234 — (1-05 x 10-40 — 0-0087)64} 
by radiation 
2n x 2-2 x 10-4(1923 — 6) 

loge(4°75/0-5) 
by conduction. Since P for 0-5-mm. dia. wire is 
7/20 cm., the total heat transfer per unit length of 
wire is 
P{ 00-193 


and 





x 19234 — (1:05 x 10-*6 — 0-0087)6*) 

+ 3-91 x 10-5(1923 — 6)}-. 
The steady-state conditions are then represented by 
the equation 


Kat o) + P{ of0- -193 x 19234 —(1-05 x 10-40 —0 -0087) 64] 


+ 3-91 x 10- $(1923 — @)}=0.. -(3) 


Multiplying both sides of equation (3) by 2d0/dx and 
integrating with respect to x gives 
Ka(S) + 2P{(ox 0-193 x 19234 + 7-619)0 
— 1-955 x 10-°6? + 1-74 x 10-8065 
— 1-75 x10-5 o*} = constant. 
Since d§/dx must be zero at the hot-junction end, 
assume the true temperature of the hot junction to 
be @, and the temperature at the entry to the insu- 


d. 


lating spacer to be §). Then 
d§\?_ 2P 
(5) me | oe e eee eee eee CeCe eee eee eee (4) 
where U = 11-112(0, — 0) — 1-955 x 10-3 (0.2 — 62) 
+ 2-366 x 10-15(6.5 — 65) — 2-38 x 10-17(6,° — 68). 


A similar equation holds for the wire in the insulating 
spacer. The maximum heat-transfer coefficient by 
radiation is that from the wire at 1650° C. (1923° K.) 
to the spacer at 20°C. (293° K.), which is given 

approximately by 
0: hs Sl HY 
1630 





= 2-2 x 10-cal./sq. cm. °C. sec.) 
since the re-radiation from the sheath is small. The 
heat-transfer coefficient by conduction per unit area 
of the wire is 
Ka 
‘Rloge( (1/0-5) 5) 


where K,is 1-6 x 10~‘ cal./sq. cm. ° C. sec., the con- 
ductivity of the air, so that the greatest total heat- 
transfer coefficient is 1-143 x 10-? cal./sq. em. °C. 
sec. If this value is used all along the wire in the 


(=9-23 x 10-* cal./sq. cm. °C. sec.) 
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insulating spacer, the equation for the temperature 
of the wire becomes 


Kass — P x 1-143 x 10-7(6 — 293) = 
This equation is a standard form, the solution of which 
may be written down immediately as: 


P x 1-148 x a) 
KA 

since § — 293 approaches zero as x becomes large. 

Therefore 


. dei sad 293),/? a 10-# 
and from the physical considerations of heat accumu- 
lation this temperature gradient must equal that 
given by the above calculation for the wire in the 
sheath at the point x = 0, 7.e., where the wire enters 
the spacer. Therefore 
P x 1-143 x le-*] - Py, 

KA KA 

where U, is obtained from U by replacing 9 by Qo. 
This is an equation for §) when @, is fixed; for values 
of §, from 1922 to 1880, the value of §, changes very 
little from 1065. Therefore this value may be used 
in the integration of equation (4) to give: 





6 — 293 = (8) — 293) exp( — 





z=0 





(0 — 203)" 





ao _ /2PU 
dx NN KA 
Oe 
‘ § ¢ 
i.e., Sw ral a Be Sasi (5) 
2P } 1065 V 


For 0-5-mm. dia. wire A/P = ¥5 em. and K is 
taken to be 0-127 cal./cm.° C. sec. 

Equation (5) then becomes L = 0-0104/, where J 
is the above integral which has been evaluated 
numerically for §, from 1880° to 1922° K. The results 
are given in Fig. 9. 
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Part III—LABORATORY EXPERIMENTS ON THE RATE OF HEATING 
OF THE QUICK-IMMERSION THERMOCOUPLE 


By J. D. 


Cresswell 


SYNOPSIS 


The time response of a quick-immersion thermocouple is determined under laboratory conditions, 
using a slag-free H.F. bath of steel. The time taken for the couple to attain temperature increases directly 
with the wall thickness of the silica dipping tube ; the degree of insulation given to the couple inside the 


tube has an important effect on the time response. 


The use of thinner-gauge couple wire helps to decrease 


the time factor with thin-walled tubes, although the effect is reduced with increasing wall thickness. 
Blackening the wire, and, to a lesser extent, flattening it to increase its surface area, also decrease the 
response time. Factors that do not affect the response are : (a) whether or not the hot junction is welded ; 
(b) whether the junction makes contact with the end of its tube or is tin. away; and (c) whether the silica 


tube used is of the clear or satin-finished variety. 


TYPES OF THERMOCOUPLE ASSEMBLY AND 
SILICA DIPPING TUBE TESTED 


The Thermocouple 
Size—Platinum and 13% rhodium-platinum wires 
of 0-5-mm. (25 S.W.G.) and 0-2-mm. (36 S.W.G.) dia. 
Surface Appearance—Normal bright drawn, and 
wire blackened by: 
(a) Chlorplatinic acid 
(b) Holding over a smoking flame 
(c) Works’ service (six months’ use in a producer-gas- 
fired furnace). 
Section—Wire of normal circular section, and wire 
flattened by hammering. 
Hot Junction—Wires twisted together, and wires 
welded. 


Insulation of Couple 

(a) No insulators on couple wires for a distance of 
23 in. from the hot junction. 

(b) Small oval (0-103 in. x 0-067 in.) twin-bore 
silica insulators, giving a very loose fit inside 
the silica dipping tube. 

(c) Medium sized (0-130 in. dia.) twin-bore silica 
insulators, giving a loose fit inside the silica 
dipping tube. 

(d) Large round (0-20 in. dia.) twin-bore silica 
insulators, almost completely filling the silica 
dipping tube. 


Position of Couple Inside the Silica Dipping Tube 
(a) Couple hot junction touching the solid end of 
the silica dipping tube. 
(b) A distance of } in. between the hot junction 
and the end of the silica dipping tube. 


The Silica Dipping Tube 
(a) Small—Satin-finished tube, outer dia. 0-20 in. 
+ 0-02 in., with wall thickness of 0-035- 
0-043 in. 
(b) Medium—Satin-finished tube 0-27 in. + 0-02 
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in. outer dia., with wall thickness of 0-018- 
0-043 in. 

(c) Large—Satin-finished tube 0-36 in. + 0-04 in. 
outer dia. with wall thickness of 0-050- 
0-083 in. 

(d) Clear Silica—A very limited supply of clear 
silica dipping tubes similar to types (a) and 


(c). 


APPARATUS AND METHOD OF TESTING 

The thermocouple was housed inside a vertical 
length of mild-steel tubing so that, when released, 
the couple tube dropped into a bath of liquid steel 
held in an 18-lb. H.F. furnace. The depth of drop 
was 204 in., the total time taken was 0-9 sec., and 
the time taken by the dipping tube from entering 
the bath to coming to rest in it was 0-06 sec. The 
couple tube was assembled so that, before any test, 
the depth of immersion in the steel could easily be 
adjusted. An immersion of 2? in. was taken as 
standard. 

As the couple attained its final position, electrical 
contact was made, and automatically set in motion 
the chart of the Tinsley D.C. amplifier recorder. The 
amplifier was not of the normal type used for taking 
liquid steel temperatures, but one calibrated for a 
full-scale deflection of 0-3, 1-0, 2-5, 6-5, 16, 40, and 
100 mV. Since less than half the chart width would 
be utilized with the 0-40 range, it was decided to 
use the 0-16 mV. range; after the pen had travelled 
almost the full width of the chart, a negative 4 mV. 
from a potentiometer was superimposed on the input 
from the couple, thus making full use of the chart. 
The chart was scaled for 4 in., and its speed was 
6 in./min. The calibration was checked against a 
potentiometer for each series of tests. 

The bath temperature (about 1600° C.) was kept 
as constant as possible, and all slag was removed 
from the surface. The couple was kept immersed 
until a straight line was obtained on the chart. 
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Fig. 10—Quickness of response of immersion couples, using dipping tubes of varying wall thickness 
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To reduce the error in assessing where a steady 
temperature was obtained, the following procedure 
was adopted: 

A line was drawn on the chart over the recorded 
straight line, and a second line offset by one scale 
division (approximately 35° C.) was drawn parallel to 
the first. The intersection of this second line with the 
record gave a sharp point, and times were measured 
from the actual immersion to this point of inter- 
section. 


RESULTS 


Analysis of the results shows that neither variation 
in bath temperature over the small range covered nor 
in the tip thickness of the tube, 7.e., the thickness of 
the actual closed end of the tube, has any measurable 
effect on the time taken to reach maximum tem- 
perature. 

Results of the tests, over 130 in number, are shown 
in Fig. 10, where the wall thickness of the dipping 
tube used is plotted against the time taken to reach 
one chart division (35° C.) off maximum temperature. 
To obtain the total time taken from immersion to 
attainment of true maximum temperature, about 60% 
should be added to the observed times taken to reach 
35° C. off maximum. 


Factors Affecting the Time Response of the Couple 


In these tests there was no slag present that could 
adhere to the tube and so cause added insulation; in 
practice, the nature of the slag can have an over- 
riding effect on the time response of the couple. 

Wall Thickness of Silica Tube—Increasing the wall 
thickness of the silica tube surrounding the couple 
increased the time taken for the couple to attain 
temperature. For —, a non-insulated couple 
of normal gauge (0-5 mm., 25 8.W.G.) takes 4-3 sec. 
with a wall thickness of 0-020 in., compared with 
7-7 sec. for 0-080 in. 

Couple Insulation—The nature of the couple insula- 
tion has a pronounced effect on the response of the 
couple: 


Time to Reach Maximum Temperature 
Less 35° C., sec. 


Wall Wall 
Thickness Thickness 
0-035 in. 0-070 in. 
No insulators on couple 5-1 7-1 
Small oval _ insulators, 
giving a very loose fit 
inside silica tube 7°49 13-4 


Medium round insulators, 

giving a moderately 

loose fit inside silica 

dipping tube 11-8 14-3 
Large round insulators, Results too stag- Not tested 

giving almost a push gered to give a 

fit inside silica dipping reliable figure 

tube 


Using silica insulators that almost filled the silica 
dipping tube would be of no use in practice, since the 
slightest bending of the tube would make it impossible 
to withdraw it from the couple without breaking both 
tube and insulators, probably causing mechanical 
damage and strain to the wire. 

Gauge of Couple Wire—Using thinner-gauge wire 
materially helps to decrease the time factor with 
thin-walled tubes, although the effect is reduced with 
increasing wall thickness: 
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Time to Reach Maximum Temperature 
38 35°C., sec. 


Wall Thickness Wall Thickness 
0-025 in. 0-070 in. 


0-5-mm. dia. wire 4°5 71 
0-2-mm. dia. wire 2-7 6-5 

Blackening of Couple Wire—Blackening the couple 
also decreases the time of response. The recommended 
method for blackening platinum wire is to pass a 
small current between the wires and another platinum 
electrode in a 2% aqueous solution of chlorplatinic 
acid. With this method, an uneven black deposit 
was obtained, which disappeared when it was 
subjected to liquid steel temperatures. 

The same disadvantage was also met when the wire 
was blackened by holding a lighted rag dipped in oil 
underneath the couple. However, this method was 
convenient, since it was simple to blacken the wire 
before each immersion. 

As it was desirable to use a couple that would retain 
its character during the whole immersion period, a 
search was made for a couple blackened by continuous 
works’ use. A dull uniformly black couple was 
eventually found that had been taken out of service 
after six months’ life in a producer-gas-fired heat- 
treatment furnace. Four immersions only were made 
with this wire, as the couple was by that time begin- 
ning to lose much of its blackness. The time taken 
to reach stability using wires blackened by the 
different methods was: 


Time to Reach Maximum 


Temperature Less 35° C., 
sec. 
Wall Thickness of 0-038 in. 
Normal bright drawn wire 5:3 
First test on works’ eouple 2:7 
Remaining 3 tests on works’ couple 3°4 
Smoking-flame couple 4-4 


Flattening of Couple Wire—Flattening the wire to 
increase the surface area helps in decreasing the time, 
although not to the same extent as in other methods: 


Time to Reach Maximum 
Tomapenntane Les ss 35°C., 


Wall veidinees of 0-038 in. 
Normal section wire: 0:5 mm. dia., 
25 S.W.G. - 
Flattened wire: 0-0317 in. x 4: 
0-0121 in. 


ores 


Factors Not (or Insignificantly) Affecting the Time 
Response of the Couple 

Type of Hot Junction—Having a junction welded 
instead of twisted is found to decrease the time very 
slightly—0-3 sec. for a range of wall thicknesses of 
0-05-0-08 in. 

Position of Couple in Tube—The quickness of 
response of the couple is unaffected by having the 
hot junction touching the solid end of the silica dipping 
tube instead of } in. away from the end. 

Use of Clear Silica Tubes—The limited number of 
tests made show that there is no advantage in using 
clear silica dipping tubes instead of the normal 
satin-finished opaque type. Later tests, not shown 
in Fig. 10, made under works’ conditions in an almost 
slag-free H.F. furnace bath actually showed a slightly 
quicker response for satin-finished than for clear 
tubes. In these tests, for tubes of similar dimensions 
(0-285 in. outside dia. with wall thickness of 0-035 in.) 
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Table III 


TIME TO REACH WITHIN 35°C. OF FINAL 
TEMPERATURE, SEC. 














Sheath 0-2-mm. dia. Wire 0-5-mm. dia. Wire 
Thickness, 

= Theory | Experiment* | Treory Experiment* 

0-52 1.4 2-3+40-7 4.3 4.410.4 

1-04 1-9 4-140.7 Paes 4.9+0.4 

1-56 3-1 6-1+40-7 4-8 6-4+0-4 

2-08 4-5 8-1+0-7 5-6 8-2+0.4 























* The estimates of experimental error are the residual variability 
about the regression line 


satin tubes took 2-6 and 12-4 sec. to reach 1400° C. 
and maximum temperature (1590°C.) respectively, 
compared with 3-4 and 14-0 sec. for the clear. This 
may be due to the clear tubes picking up slightly more 
slag than the satin ones during immersion, although 
the surfaces of both types appeared to be perfectly 
smooth. Having attained temperature, in every case 
the couple in the clear tube gave a slightly irregular 
temperature record (average + 1°C., with maximum 
of + 2°C.). This was thought to be due to the 
transparent tube being more capable of transmitting 
any local change. 

Comparison of Theoretical and Experimental Studies 


The theory gives a clear picture of the mechanism 
of heat transfer and of the results that must be 
expected. The thermocouple wire receives radiant 
heat from the liquid steel, transmitted through the 
silica. At the same time it may receive or lose heat 
by conduction through the air to the inner surface 
of the silica tube, according to whether the wire heats 
up faster or slower than the inside of the tube. 

If the wire is very thin and the tube is thick, the 
response time will depend almost entirely on the time 
taken for the inner tube surface to reach the tempera- 
ture of the steel. The thermocouple temperature will 
be greater than the wall temperature, taking up a 
value intermediate between the temperature of the 
liquid steel, from which it is receiving radiation, and 
the temperature of the inside of the tube, to which 
it is losing heat by conduction. 

At the other extreme, if the wall of the tube is 
thin, the inner surface of the tube reaches the steel 
temperature much more quickly than the thermo- 
couple wire heats up. In these circumstances, the 
response time depends very little on the tube thick- 
ness, and is approximately proportional to the wire 
diameter. 

The experimental results given in Fig. 10 were 
examined statistically and showed clearly that the 
rate of heating depends significantly on sheath thick- 
ness, but the results fitted a quadratic or a linear 
relationship equally well. 

Table III compares the analysis of the experimental 
results with the theoretical rates of heating; it shows 
that theory and experiment concur for both diameters 
of wire with thin sheaths, but the theoretical effect of 
the sheath is much less than the experimental effect. 
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Possible explanations of this discrepancy are: fallacies 
in the theoretical assumptions; the sheath may not 
be diathermanous; its thermal properties may not be 
adequately represented by the values assumed; and 
the constant boundary temperatures may not be 
applicable. Furthermore, the experiments were some- 
what limited in both number and scope. 
Experiment and theory agree in that there will be 
little variation in response time with wall thickness if 
the usual 0-5-mm. wire is used, provided that the wall 
thickness does not exceed 1-0 mm. Extra speed of 
response can be obtained by using thin wire, but only 
if thin-walled sheaths are also used. 
CONCLUSIONS 
The following factors affect the quickness of response 
of the couple: 
(a) Wall thickness of the silica tube 
(6) Type of insulation provided for the couple 
(c) Gauge of couple wire used 
(d) Blackening of the wire 
(e) Flattening of the wire. 
The following factors do not affect the quickness of 
response of the couple: 
(a) Whether junction is twisted or welded 
(6) The position of the couple in the outer tube, 
provided that the depth of immersion is 
adequate 
(c) The type of silica dipping tube used. 
RECOMMENDATIONS 


1. The type of insulation given to the couple would 
appear to be very important, and Dr. Schofield’s 
original recommendation that a length of couple wire 
should be uninsulated is amply justified. This is 
particularly important when thick-walled tubes are 
used. Where an insulator is thought to be advisable, 
it should be of as small a mass as possible. 

2. The silica dipping tube used should have as thin 
a wall as possible, so long as it has the necessary 
mechanical strength. 

3. The use of smaller-gauge couple wire (used un- 
insulated at the hot junction end) with thin-walled 
silicas may be justified in special circumstances, but 
for general works’ use, the normal 0-5-mm. wire, 
with its greater mechanical strength, should continue 
to be used. 

4. Since neither blackening nor flattening the 
couple wire is practical, and since these two methods, 
the latter in particular, show no strong advantage, 
the couple wire should be used in its normal polished 
condition. 

5. Even in special cases where the quickness of 
response has to be as fast as possible, no advantage 
would be gained by using clear silica tubes. 
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Intergranular Brittleness in Iron—Oxygen Alloys 
By W. P. Rees, M.Sc., and B. E. Hopkins, M.Sc. 


SYNOPSIS 


The tensile and impact properties of high-purity iron and iron—oxygen alloys, at various temperatures 
covering the tough to brittle transition, are discussed. The addition of more than 0-003% of oxygen pro- 
duced marked intergranular embrittlement, accompanied by a sharp rise in impact transmission temperature. 
Oxygen had little effect on the resistance to plastic deformation, but it had a large effect in reducing the brittle 
fracture strength. The addition of manganese largely counteracted the influence of oxygen. 


N a recent account! of the tensile and impact 
properties of high-purity iron made on a 25-lb. 
scale, it was shown that the ductile to brittle 
transition temperature in impact of the normalized 
material was raised by oxygen contents above about 
0-003%, and the tensile strength in the brittle con- 
dition (at — 196°C.) was markedly decreased. This 
deterioration in properties with raised oxygen content 
was accompanied by a change in the fractures of the 
specimens tested below the transition temperature; 
at low oxygen levels, the brittle fractures occurred 
entirely by cleavage, whereas when the oxygen 
content was above about 0-003%, the fracture was 
partly intergranular. The grain boundaries of the 
iron were weakened by the presence of oxygen above 
a certain level, and the rise in transition temperature 
could be explained in terms of a lower brittle strength 
for a similar yield stress. The oxygen level of about 
0-003°%, above which failure in the brittle condition 
began to occur along grain boundaries, applied to iron 
made on a 25-lb. scale and cast in a mild-steel mould. 
Iron made on a 6-lb. scale and solidified in the melting 
crucible by very slow cooling showed intergranular 
brittleness at much lower oxygen contents. Fast? 
also associated failure of certain high-purity irons 
along grain boundaries with the presence of oxygen. 
The effect of oxygen in iron has now been examined 
in greater detail, and the present paper gives the 
results of tensile and V-notched Charpy impact tests 
over a temperature range covering the tough to brittle 
transition on a series of iron—oxygen alloys. The effect 
of additions of manganese is also discussed briefly. 


PREPARATION OF THE ALLOYS 

The alloys were made by the method described in 
detail in a previous paper.* Selected Swedish iron, 
which had first been oxidized by melting in air, was 
deoxidized with hydrogen in a 25-lb. induction furnace. 
When deoxidation was complete, the hydrogen was 
removed and the required oxygen content obtained 
by adding previously oxidized iron to the melt. In an 
attempt to remove the small amount of nitrogen in 
the oxidized iron addition, the melt was held in vacuo 





Paper MG/A/140/52 of the Alloy Steels Committee of 
the Metallurgy (General) Division of the British Iron and 
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1952, and in its final form on 22nd September, 1952. The 
views expressed are the authors’ and are not necessarily 
endorsed by the Committee as a body. 
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for 1 hr. before casting. The octagonal steel ingot 
mould was 104 in. long without the feeder head, and 
2? in. across the flats. The alloy with the highest 
oxygen content was made by melting oxidized iron in 
vacuo, again with the intention of removing nitrogen. 

The cropped ingots were heated to 1100°C. and 
rolled to 8-in. dia. bar with intermediate reheating. 
The rolling was finished at a high temperature by 
reheating before the last pass to avoid the possibility 
of introducing cold work, which might affect the grain 
size obtained on subsequent heat-treatment. The bars 
were normalized by heating for about 10 min. at 
950° C. and cooling in air. All tests were carried out 
on the normalized material. 

The analyses of the alloys covered a range of oxygen 
contents up to 0-27%, and are given in Table I. At 
the low-oxygen end, some irons not originally made 
for the series have been included to confirm the effects 
noted; this accounts for the carbon contents up to 
0-008% at this end of the series, but carbon up to 
this level seems to have little effect on the mechanical 
properties at the low oxygen contents concerned. The 
analyses are fairly uniform, but it should be noted 
that the nitrogen content rises to 0-01°% at the highest 
oxygen level. Up to 0-057% of oxygen, however, 
the nitrogen contents are all low. The rise in nitrogen 
content at the highest oxygen levels indicates that 
the vacuum treatment applied during the melting 
operation was not so effective in removing nitrogen 
as had been expected. During the purification of 
iron by this method, it seems that nitrogen is removed 
by the hydrogen treatment used for deoxidation rather 
than by the vacuum treatment. 

The grain sizes of the alloys in the normalized con- 
dition, given in Table I, show that oxygen has little 
effect on the grain size. 


TENSILE TESTS 

Tensile tests were carried out in a hydraulic testing 
machine at 200° C., room temperature, — 73° C., and 
— 196°C., on test pieces of 0-282 in. dia., with a 
gauge length of 1 in., and with 4 in. B.S.W. threads. 
The results are given in Figs. la-d. 

None of the alloys had a yield point at 200°C. At 
room temperature, there was a marked upper and 
lower yield at low oxygen levels, particularly in the 
three irons with carbon contents higher than the 
average, but in the other alloys, i.e., at higher oxygen 
contents, the yield was much less marked or was 
absent. At — 73°C., a yield point was observed in 
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Fig. 1—Tensile properties of irons and iron-oxygen alloys (normalized at 950° C.) at (a) 200° C.; (6b) room 
temperature; (c) — 73° C.; and (d) — 196°C. 


all the alloys except one (0-057% of oxygen), but 
in general its intensity tended to be less at the higher 
oxygen levels. 

The three higher-carbon irons gave rather higher 
yield stresses and tensile strengths than the other 
alloys at 200°C., room temperature, and — 73°C. 
Apart from this, increasing the oxygen content had 
little effect on the yield stress and tensile strength, 
the values being similar at high and low oxygen levels. 
The yield stresses were approximately the same at 
200° C. and room temperature, but were much higher 
at — 73°C. The tensile strengths, on the other hand, 
were lower at room temperature than at 200° or 
— 73°C. The elongation and reduction in area were 
correspondingly higher at room temperature than at 
200° or — 73°C., except in the irons containing 
0-002% of oxygen or less, in which there was little 
difference between the ductility at room temperature 
and — 73°C. The effect of increasing the oxygen 
content was to decrease the ductility at the three 
temperatures, this being particularly sharp at — 73°C.; 
these effects are in agreement with the appearance 
of the fractures. The increase in tensile strength 
between 20° and 200° C. was not accompanied by an 
increase in proof stress, and is thought to have been 
due to strain ageing during the test. The strain 
ageing was independent of the oxygen content, and 
was probably accounted for by the small amount of 
carbon and nitrogen present. 

The fractures of the specimens tested at room 


temperature were apparently fully ductile up to 
0-011% of oxygen, but at 0-057% and above there 
was a small amount of intergranular failure, even with 
reduction in area figures as high as 75%. The appear- 
ance of a small amount of intergranular failure in the 
otherwise ductile fractures was noticed at lower 
oxygen contents (down to 0-007%) in the specimens 
tested at 200° C., but this may have been because it 
was easier to detect, owing to the somewhat lower 
reduction in area for a given oxygen level. However, 
the general trend of the fractures obtained at 200° C. 
was similar to that of specimens tested at room tem- 
perature, but, in agreement with the lower ductility 
at the higher temperature, the intergranular pro- 
portion of a fracture increased to a greater extent 
with oxygen content, so that the alloy with the 
highest oxygen content (0-27%) appeared to have 
broken entirely along the grain boundaries. At 
— 73°C., the fractures were ductile up to 0-0046% 
of oxygen, but above 0-007% the test pieces failed 
in a brittle manner with sharply decreasing elongation 
and reduction in area. One difference between the 
fractures at — 73° C. in the higher-oxygen alloys and 
those at the two higher temperatures was the presence 
of cleavage as well as the intergranular type of failure. 
This also occurred at — 196°C., and confirms an 
earlier impression that when brittle fractures are of 
the mixed intergranular-cleavage type, a decrease in 
testing temperature tends to favour more cleavage 
at the expense of grain-boundary failure. 









































Table I 
ANALYSES AND GRAIN SIZES OF IRONS AND IRON-OXYGEN ALLOYS 

Element, % | 18AF3 | 53AF1 | 22AF1 30AF1 | 21AF1 52AF2 | 35AF2 | 7AF1 | 18AF2 | 47AF1 | 45AF3 | 46AF2 
Carbon 0-:0058 | 0-0025 | 0-0082 | 0-:0065 | 0-0026 | 0-002 0:0032 | 0-0018 | 0:0025 | 0-003 0-0014 | 0-0044 
Silicon 0-004 0-003 0-010 0-002 0-007 0-003 0-004 |<0-001 0-009 0-001 0-001 0-001 
Manganese 0-004 |<0-005 |<0-001 0-004 0-008 |<0-005 |<0-005 |<0-005 0-004 n.d. <0:005 |<0-005 
Sulphur 0-003 0-0046 |<0-001 0-0038 | 0-004 0-005 0-0054 | 0:0016 | 0:0055 | 0-003 0-0039 | 0-0038 
Phosphorus <0-001 0-001 0-001 |<0-001 0-0015 0-001 n.d. n.d. <0-001 n.d. <0:001 |<0-001 
Nickel 0-007 0-007 0-006 0-005 0-007 0-007 n.d. n.d. 0-007 n.d. 0-006 0-006 
Chromium 0-002 0-001 0-001 0-001 |<0-001 0-001 0-001 n.d. 0-002 n.d. <0-001 |<0-001 
Copper 0-007 0-005 0-007 0-004 0-007 0-004 n.d. n.d. 0-007 n.d. 0-005 0-004 
Aluminium <0-001 0-004 0-001 0-001 |<0-001 0-002 0-001 |<0-:001 |<0-001 |<0-001 0-001 0-001 
Oxygen 0-0008 | 0-001 0-0018 | 0-0019 | 0-0037 | 0-0046 | 0-007 0-011 0-016 0-057 0-11 0:27 
Nitrogen 0-0023 | 0-001 00-0012 | 0:0017| 0-0015 | 0:0016 | 0-0013 | 0-0027| 0-003 0-003 0-0048 | 0-01 
Hydrogen < <0 ars 
Grain size of nor- 

malized bar, 13 8 13 10 5 3 3 3 6 3 6 6 

grains/mm. 









































n.d. = Not determined 
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Fig. 2—Effect of increasing oxygen content on the form of the impact value/temperature curves 


At — 196°C., all the alloys broke with a brittle 
fracture. With less than 0-0037% of oxygen, the 
tensile strength was substantially constant in the 
range 42-5-45-2 tons/sq. in., and the fractures were 
entirely of the cleavage type. These test pieces 
possessed a small amount of ductility (up to 4% 
elongation and 5% reduction in area), and 0-5% proof 
stresses, but no yield points were obtained. The proof 
stresses observed were from 36-6 to 38-2 tons/sq. in. 
From 0-0037% of oxygen upwards, all the alloys 
broke with a fracture that was partly intergranular 
and partly cleavage; the intergranular portion was 
small at 0-0037% of oxygen, but it increased with 
the oxygen content, until at 0-27% there was only 
a little cleavage. The appearance of partly inter- 
granular fracture at 0-0037% of oxygen was accom- 
panied by a pronounced decrease in tensile strength 
to 33-3 tons/sq. in. As the oxygen content was 
increased from 0-0037% to 0-011%, the proportion 
of grain-boundary fracture increased, and the tensile 
strength decreased progressively to 22-5 tons/sq. in. 
At higher oxygen contents, the tensile strength 
remained more or less constant, but there was a little 
scatter in the results in this range. This scatter seems 
to be a feature of alloys that fail largely along grain 
boundaries with no ductility. There was no measur- 
able elongation or reduction in area in any of the 
alloys containing 0-0046% or more of oxygen, so that 
fracture had occurred before the proof stresses were 
reached. 

In tension, the change from tough to brittle 
behaviour took place over a range of temperature in 
all the alloys. This range was higher as the oxygen 
content increased; the low-oxygen irons, for example, 
were completely ductile at — 73° C., whereas at the 
same temperature the iron containing 0-007% of 
oxygen was partly brittle, and that containing 0-27% 
of oxygen was decidedly brittle. 


CHARPY IMPACT TESTS 


Charpy impact tests were carried out on standard- 
size test pieces with Izod V notches over a temperature 
range covering the tough to brittle transition. In a 
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previous paper,! attention was drawn to the very 
sharp change from tough to brittle behaviour that 
occurred in high-purity iron and single-phase iron 
alloys. The present series of alloys behaved similarly 
up to an oxygen content of 0-01%, after which the 
transition was more gradual, and in these cases the 
transition temperature has been taken as that at 
which the impact value was half the value in the 
fully tough condition. The energy absorbed in the 
fully tough condition decreased from 26 m.kg. for 
iron with less than 0-002% of oxygen to 11 m.kg. 
for the alloy with the highest oxygen content. A 
series of typical impact-value/temperature curves in 
Fig. 2 shows the change in shape of the curves, and 
the decrease in impact value in the fully tough con- 
dition with increasing oxygen content. 

The transition temperatures in impact are plotted 
against oxygen content in Fig. 3. For the four irons 
containing less than 0-002% of oxygen, the transition 
temperatures were all between — 9° and — 18°C., 
and the fractures of the brittle test pieces were 
entirely of the cleavage type. At 0-0037% of oxygen, 
there was a rise in transition temperature to 16° C.; 
the fractures of the brittle test pieces were partly 
intergranular and the remainder cleavage, as in the 
tensile test at — 196°C. As the oxygen content was 
increased above this level, the transition temperature 
continued to rise as the proportion of intergranular 
failure in the brittle fractures increased. Like the 
drop in tensile strength at — 196°C., the rise in 
transition temperature in impact was most marked 
for oxygen contents up to 0-011%. The impact 
transition temperature rose more gradually for higher 
oxygen contents, but reached about 560°C. for the 
highest oxygen content of 0-27%. 

Alloy 18A F2 (0-016% of oxygen), whose analysis 
is given in Table I, behaved anomalously by being 
more ductile in both tension and impact than was 
expected from the oxygen content. The properties 
of the alloy are not included in the diagrams, but the 
main anomalies were a tensile strength at — 196° C. 
of 32-3 tons/sq. in. and an impact transition tempera- 
ture of 84° C., which were higher and lower respec- 
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Fig. 3—Charpy impact transition temperatures of irons and iron—oxygen alloys, 


normalized at 950° C. 


tively than would have been consistent with the 
oxygen content. No explanation for the unexpected 
ductility of this alloy has been found, 
CORRELATION OF TENSILE AND IMPACT TEST 
RESULTS 

If an alloy is considered to behave in a ductile or 
brittle way at any particular temperature according 
to whether the effective yield stress is less or more 
than the brittle fracture strength, the yield and 
brittle fracture strength values should ideally both 
refer to the temperature under consideration. Since 
the transition from a tough to a brittle fracture in 
a notch impact test occurs at a much higher tempera- 
ture than in plain tension, the only brittle fracture 
strength data available relate to temperatures much 
lower than those required for a direct interpretation 
of the notch impact test results. The best that can 
be done at present is to compare the trend of the 
yield stress in plain tension, as affected by an alloying 
element at temperatures relevant to the notch impact 
test, with the effect of the alloying element on the 
brittle fracture strength at a much lower temperature. 
When this is done for the iron—oxygen alloys, the 
effect of oxygen on the transition temperature in 
impact is consistent with the brittle fracture strengths 
at — 196° C. for oxygen contents up to 0-011%. The 
term ‘ brittle fracture strength ’ used here refers to the 
tensile strength of the test pieces in the completely 
brittle condition, irrespective of whether the fracture 
was entirely cleavage or cleavage plus intergranular. 

The impact-transition-temperature/oxygen-content 
curve can be divided into three parts. In the first 
range, for oxygen contents up to about 0-003%, the 
impact transition temperature was substantially 
constant at about — 14°C., and the brittle fracture 
strength at — 196°C. was also approximately con- 
stant within the limits 44-7-46-8 tons/sq. in. In 
the second range, covering oxygen contents of 
0-003-0-011%, there was a marked rise in impact 
transition temperature at a constant yield stress 
corresponding to the decrease in brittle fracture 
strength to about 22-5 tons/sq. in. The alloys in 
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with increasing oxygen con- 
tent. The continued rise in 
impact transition tempera- 
ture as the oxygen content 
was increased above 0-011% 
can be explained by a de- 
crease in the brittle fracture strength in the tempera- 
ture region in which the transitions from tough to 
brittle fracture occurred in impact, 7.e., the brittle 
fracture strength at these temperatures operative 
owing to the presence of a notch. At a constant yield 
stress, a small inferiority in brittle fracture strength 
could account for a large rise in transition tempera- 
ture in impact. Similarly, if the brittle fracture 
strength was constant, a small superiority in yield 
stress could greatly increase at impact transition 
temperature. 

Some idea of the effect of temperature on the brittle 
fracture strength can be obtained by considering the 
tri-axiality of stress arising from the notch in the 
impact test, and the effect on the yield stress of the 
faster rate of straining in the impact test compared 
with that in a tensile test carried out at a normal rate. 
Preliminary results obtained by the Engineering 
Section of the N.P.L. on the estimation of the stress 
ratios in a V-notched Charpy test piece (corresponding 
to a slow rate of loading), by means of photoelastic 
tests using plastic models and the frozen-stress 
technique, indicate that the maximum value of the 
tri-axiality ratio, which occurs just behind the notch, 
is unlikely to be higher than 24 or less than 2. This 
tri-axiality ratio is the ratio of the largest principal 
stress to the difference between the largest and the 
least principal stresses. Brown and Vincent‘ found 
that the yield stress of a soft iron (actually a wrought 
iron) at a rate of straining equivalent to that in the 
Charpy impact test is about 80% higher than the 
yield stress determined in a normal tensile test. It 
has been confirmed that the alloys dealt with in this 
paper are strain-rate sensitive, in that the transition 
temperature in a slow notch bend test is much lower 
than in the Charpy test. 

The iron containing 0-001% of oxygen had a 
transition temperature in impact of — 10°C. At this 
temperature the brittle fracture stress is thus equal 
to the yield stress obtaining in the impact test multi- 
plied by the tri-axiality ratio of 2 or 24. The yield 
stress at this temperature in plain tension at a normal 
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Fig. 4—Iron oxide inclusions in alloys (a) 35AF2 (0.007°,, of oxygen) and (b) 46AF2 (0.27°,, of oxygen 
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Fig. 6-—Effect of Neumann bands 
on cleavage fracture in brittle 
tensile test piece of alloy 47AF1 
(0.057°,, of oxygen) < 500 





Fig. 7—Cleavage crack connecting 
with grain-boundary crack 
near fracture of brittle tensile 
test piece of alloy 7AF1 (0.011% 
of oxygen) < 50 








Fig. 8—Grain-boundary fracture 
and crack in brittle tensile test 
piece of alloy 35AF2 (0.007°,, of 
oxygen) « 150 
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Fig.9—Effect of oxide inclusions on Neumann bands in brittle tensile test piece of alloy 46AF2 
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Fig. 10—Two areas near brittle fracture in mild-steel plate D2, showing intergranular cracks, 
indicated by arrows ; (a) and (b) etched, (c) and (d) unetched 500 
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rate of straining is about 9-4 tons/sq. in, The yield 
stress relevant to the rate of straining in the impact 
test, using Brown and Vincent’s results, is 9-4 x 1-8 
= 16-9 tons/sq. in. Using tri-axiality ratio values 
of 2 and 2, the brittle fracture strengths would be 
33-8 and 42-3 tons/sq. in., respectively. Since the 
fracture in plain tension at — 196° C. was not com- 
pletely brittle, but occurred after a reduction in area 
of 5%, the brittle fracture strength at this temperature 
lies between the fracture stress of 45-0 tons/sq. in. 
for the slightly cold-worked material and the proof 
stress of 37-6 tons/sq. in. Thus, with the larger value 
of the triaxiality ratio, the brittle fracture strength 
at — 10° C. is approximately the same as at — 196°C., 
but with the smaller value there is a drop in brittle 
fracture strength as the temperature is raised. Thus, 
even if the brittle fracture strength drops as the 
temperature rises from — 196° to — 10° C., this drop 
is small compared with the large decrease in yield 
stress over the same temperature range. The same 
conclusion is drawn by adopting a similar argument 
for the other alloys. 


MICROSCOPIC EXAMINATION 

The solid solubility of oxygen in high-purity iron 
at room temperature is not known, but according to 
recent measurements® it is 0-003°% +0-0038% at 
temperatures above 1325°C. Small globules of 
wiistite (FeO) could be detected under the microscope 
in alloy 354A F2 containing 0-007% of oxygen (see 
Fig. 4a). It was uncertain whether any iron oxide 
particles were present in alloy 524A F2 (0-0046% of 
oxygen), but none could be detected in alloy 214 Fl 
(0-0037°% of oxygen). Increasing the oxygen content 
above 0-007% increased the number and, to some 
extent, the size of the oxide particles. In no case, 
however, were oxide films found at grain boundaries, 
and there were no more oxide globules at grain 
boundaries than would be expected from their random 
distribution. These observations would be consistent 
with a small amount of oxygen being present in 
solution, or in sub-microscopic form, under the 
conditions of these experiments. 

The size of the oxide globules seems to be determined 
largely by the rate of cooling from the melt. When a 
dip sample of a melt containing oxygen is taken as 
described previously,* the rate of cooling is fairly 
fast and the oxide appears as very fine particles. 
The oxide particles in an ingot of similar oxygen 
content are much larger; those in a specimen taken 
from the head of an ingot, which solidified more slowly 
than the rest of the ingot, were usually larger than 
those present in bar rolled from the body of the ingot. 
This is consistent with the difference in rate of cooling 
from the melt, but might also be caused partly by the 
treatment applied to the ingot after casting. The 
latter effect, however, would be expected to be small 
because of the low solubility of oxygen in iron, even 
at high temperatures. The oxide particles in a longi- 
tudinal section of a rolled bar (see Fig. 4b) were mostly 
round, and only a few showed signs of elongation 
due to the rolling operation, which involved a reduc- 
tion in section of over 93%. In view of the low 
oxygen solubility at the rolling temperature, most 
of the oxygen (0-27%) in the alloy shown in Fig. 46 
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was present as oxide particles during rolling and 
must, therefore, have been deformed very little. 

Examining the fractures under a binocular micro- 
scope at a magnification of about x 35 is the best 
way to determine whether failure has occurred in part 
along the grain boundaries, so long as the grain size 
is not too small. The intergranular path gives smooth, 
highly reflecting, curved areas which, with a little 
practice, can readily be distinguished from the flat 
cleavage facets with their fan-shaped markings and 
the small steps resulting from the fracture jumping 
across to a parallel plane. That the fracture is partly 
intergranular can be confirmed by examining sections 
under the microscope; two features—the contour of 
the fracture itself and the presence of intergranular 
cracks near the fracture—may provide the evidence. 

Figure 5a shows part of the plated fracture of the 
tensile test piece of alloy 46A F2 (0-27% of oxygen), 
tested at — 196°C. Both the contour of the fracture 
and the cracks along grain boundaries indicate that the 
fracture was largely intergranular. Only a few cleavage 
facets were found on this fracture by examining with 
a low-power binocular microscope. 

Figure 56 shows the curved fracture edge and cracks 
along grain boundaries near the fracture in the brittle 
tensile test piece of alloy 47A Fl (0-057% of oxygen). 
Figure 6, at a higher magnification, shows the same 
test piece, in which Neumann bands meeting the 
fracture surface have affected the course of the 
fracture. Apart from the steps in the cleavage facet 
at the Neumann bands, the direction of the facet 
through the band near the top of the photograph is 
seen to be tilted to the main cleavage direction. 
Figure 7 shows a cleavage crack, parallel with the 
main fracture, connecting with a grain-boundary crack 
at its lower end, in alloy 7AF1 (0-011% oxygen). 
Figure 8 shows a partially intergranular fracture and 
grain-boundary cracks near the fracture in the brittle 
tensile test piece of alloy 354A F2 (0-007% of oxygen) 
tested at — 196° C. 

The effect of oxide particles on the course of Neu- 
mann bands is shown in alloy 46AF2 (0-27% of 
oxygen) in Figs. 9a and b. When a Neumann band 
meets an oxide particle of comparable thickness, it 
may stop and start again on the other side of the 
particle (e.g., particles 1 and 2 in Fig. 9a). In three 
dimensions the band would appear as a sheet of 
deformed material perforated by oxide particles. 
When a Neumann band comes across the edge of an 
oxide particle, its course may be apparently un- 
affected (e.g., particle 3 in Fig. 9a). The position of 
particle 4 in relation to the Neumann band suggests 
that the band deliberately broadened itself in this 
region to achieve a common interface with the particle. 
There is also some evidence that the edge of the 
Neumann band approaching particle 5 from either 
side bends to meet the particle. It may be no coinci- 
dence that two Neumann bands meet at particle 6, 
and one of them proceeds no further. A very thin 
Neumann band proceeding almost horizontally from 
the vertical grain boundary in Fig. 9b is seen to have 
been stopped by an oxide particle. However, there 
are examples in both photographs of Neumann bands 
stopping within a grain; there is no sign that this was 
due to oxide particles, but an oxide globule in another 
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Table II 
ANALYSES OF IRON-MANGANESE-OXYGEN 
ALLOYS 
Element, % 53AF3 48AF2 49AF1 
Carbon 0-0025 0-0027 0-0023 
Silicon <0-001 <0-001 <0-001 
Manganese 0-48 0:56 0-17 
Sulphur 0-0045 0-0052 0-0043 
Phosphorus n.d. <0-001 n.d. 
Nickel n.d. 0-004 n.d. 
Chromium n.d. 0-001 n.d. 
Copper n.d. 0-003 n.d. 
Aluminium <0-001 <0-001 <0-001 
Oxygen 0-006 0-011 0-019 
Nitrogen 0-0023 0-0018 0-0025 
Hydrogen <—————. <0-000005 ——____— 


n.d. = Not determined 


section of the grain could have been responsible. Thus 
there is evidence in Figs. 9a and b that oxide inclusions 
can affect the course of Neumann bands; i.e., they 
influence the deformation associated with the forma- 
tion of Neumann bands. 

No evidence was found to suggest that the Neumann 
bands played any part in the initiation of the fracture, 
and although those shown here were found in brittle 
specimens, they have also been found in impact test 
pieces tested just above the transition temperature. 


EFFECT OF MANGANESE ADDITIONS 


In view of the serious effect of oxygen in embrittling 
iron, it was decided to carry out a brief investigation 
into the effect of adding manganese to iron-oxygen 
alloys, to try to assess the importance of oxygen 
content in commercial steels. 

The analyses of three alloys containing manganese 
and oxygen are given in Table II. The alloys were 
tested in tension and impact in the normalized con- 
dition, as for the irun—oxygen alloys. The results of 
the tensile and impact tests are given in Table ITI. 
The alloys were fully ductile in tension at room tem- 
perature and — 73°C., but were brittle at — 196° C. 
The fractures of the tensile test pieces at — 196° C. 
were mostly cleavage, but there was a small amount 
of intergranular failure in each case. The tensile 
strength of alloy 53AF3 (0-49% of manganese, 
0-0059% of oxygen) at — 196°C. was distinctly low 
at 37-3 tons/sq. in.; the strengths of the other two 
might well have been a little higher, had it not been 
for the small amount of intergranular brittleness. 
The transition temperatures in impact were all low at 
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— 9° to — 29°C., and there was a trace of intergranular 
failure in the brittle test pieces. There was no corre- 
lation of the results with manganese and oxygen 
contents, and in each case the manganese had 
apparently almost completely counteracted the 
embrittling effect of oxygen. 

It is interesting to compare the properties of alloy 
48A F2 (0-58% of manganese, 0-011% of oxygen) 
with those of the iron-oxygen alloy 7A F1 of the same 
oxygen content. The iron—oxygen alloy had a tensile 
strength at — 196°C. of 22-5 tons/sq. in. and an 
impact transition temperature of 180°C., whereas 
the corresponding figures for the manganese-contain- 
ing alloy were 40-7 tons/sq. in. and — 9°C. 

The limit of oxygen content below which inter- 
granular brittleness is not obtained in chill-cast alloys 
made in the 25-lb. H.F. induction furnace used in 
this work is about 0-003%. It has been shown 
previously! that in alloys made in a 6-lb. furnace, 
when the alloy is solidified slowly in the melting 
crucible, intergranular brittleness is encountered at 
much lower oxygen contents. If this is due to the 
difference in rate of cooling from the melt, manganese 
may not be so effective in commercial practice in 
counteracting the embrittling effect of oxygen as with 
the procedure used in this work. It would seem to be 
important in the manufacture of rimming steels, 
and may well be at least one of the factors responsible 
for the generally higher impact transition temperatures 
of rimming steels compared with killed steels. A 
commercial l-in. steel plate with a high impact 
transition temperature was therefore examined. It 
was supplied by Mrs. Tipper, and the results of tests 
upon it have been reported by Barr and Tipper® 
(plate D2). The carbon and manganese contents 
were given as 0-22% and 0-4% respectively, whereas 
the transition range in the Charpy impact test was 
10-85° C. Figures 10a-d show pairs of photographs, 
etched and unetched, of two areas of the same brittle 
fracture. The cracks in the regions indicated by 
arrows in the unetched photographs will be seen, on 
reference to the etched photographs, to be inter- 
granular. Other regions of the cracks, which have 
not been marked by arrows, also are possibly inter- 
granular. Bruckner’ has previously shown that 
fracture in a rimming steel in the region of severely 
deformed areas involves ferrite grain boundaries. 

It is not suggested that the partly intergranular 
failure of this steel is definitely due to oxygen, but 























Table III 
TENSILE AND IMPACT PROPERTIES OF THREE IRON-MANGANESE-OXYGEN ALLOYS 
53AF3 48AF2 49AF1 
Property 
on ~73°C. | —196°C. noo. | -73° C. | —196° C. i. ~73°C. | —196°C. 
Lower yield, tons/sq. in. 8-0 13-1 35 6-2 12-7 39-0 5-4 13-3 35 
(approx.) (approx.) 
Tensile strength, tons/sg.in.| 17-3 21-0 37-3 16:3 19-5 40-7 15-6 21-1 41-2 
Elongation on 4,/area, % 60 61 3 63 78 5 61 56 6 
Reduction of area, % 90 91 3 92 88 5 90 88 6 
Transition temperature in 
impact, ° C, —_ am —29 
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it may be. Other elements may also be responsible; 
e.g., during this work, it has been found that nitrogen 
and phosphorus are also capable of conferring inter- 
granular brittleness on iron. The point to emphasize 
is that the transition temperature is likely to be 
higher if brittle fracture occurs partly along grain 
boundaries. 


CONCLUSIONS 


Under the conditions employed in this work, the 
addition of more than about 0-003% of oxygen to 
iron causes failure in the brittle condition to occur 
increasingly along the grain boundaries, with a 
consequent pronounced decrease in brittle fracture 
strength in plain tension at — 196° C. and a progressive 
increase in the transition temperature in impact. The 
effect of oxygen on impact transition temperature 
was most marked between about 0-003% and 
0-011%; the decrease in brittle fracture strength at 
— 196°C. was also most marked in this range. It 
is concluded that the rise in impact transition tem- 
perature with increasing oxygen content was largely 
due to a decrease in brittle fracture strength. At the 
higher oxygen levels, however, because of the small 
temperature dependence of the yield stress and 
possibly also of the brittle fracture strength above, 
say, room temperature, a rise in impact transition 
temperature could be accounted for by a small change 
in either. 

No intergranular phase has been found to explain 
the grain-boundary weakness conferred on iron by 
oxygen, so that the precise mechanism of the em- 
brittlement is not known. Definite evidence of iron 
oxide inclusions was first obtained with 0-007% of 
oxygen; raising the oxygen content above this level 
increased the number of oxide inclusions, which were 
randomly distributed. There was some microscopic 


evidence that oxide inclusions in some cases influenced 
the deformation associated with Neumann bands. 

The addition of manganese was found to counteract 
very largely the embrittling action of oxygen, but 
some grain-boundary failure remained. It is shown 
that brittle fracture in a normalized mild steel 
occurred partly along grain boundaries, and it is 
suggested that its transition temperature range of 
10-85° C. in the Charpy impact test is higher than 
it would be otherwise, because of this intergranular 
weakness. 
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Routine Calibration of 


Precious-Metal 


Thermocouples at the Palladium Point 


By E. G. Knowles, M.Sc., D.I.C., A.Inst.P., and 
R. C. Jewell, B.Sc., A.R.S.M., A.M.I.M.M., F.G.S. 


SYNOPSIS 


The paper describes the technique for determining the e.m.f. of a precious-metal thermocouple at the 
melting point of palladium, and then explains the simplification of this technique by the differential method, 


which gives equal accuracy. 


Introduction 


wo general methods are available for checking 
thermocouple wires. The first is the ‘direct’ 
method, in which alloy wire is made into a couple 
with platinum wire, and the e.m.f. of this couple 
is measured at definite temperatures. This involves 
determining the temperature accurately, and is a 
difficult calibration to make in practice. The second 
is the ‘ differential’ method, in which alloy wire is 
compared with alloy wire and platinum wire with 
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Factors affecting the accuracy of calibration are discussed. 


platinum wire. If the e.m-f. given by the original 
standard couple and these differential e.m.f.’s are 
known, the e.m.f. of any couple can be calculated. This 
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1952. The views expressed are the authors’ and are not 
necessarily endorsed by the Committee as a body. 
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Fig. 1—Furnace for use at 1500-1600° C. 


method is much easier to use, because rigorous tem- 
perature control is not necessary. There is, moreover, 
no need to keep the cold junction at 0°C., since the 
e.m.f. to be measured is only of the order of a few 
microvolts, and, even if there were a temperature 
change of 50° C. at the cold junction, the e.m.f. change 
would be undetectable. 

A detailed investigation of these methods of deter- 
mining the e.m.f. of thermocouples at the melting 
point of palladium has resulted in a technique that 
gives reproducible results (+ 5 wV.), and enables an 
exact check to be applied. 

These methods had been used successfully for many 
years for testing thermocouple wires up to 1100° C, 
It was decided as a basis to extend these to higher 
temperatures. It soon became apparent, however, 
that effects that were negligible at 1100° C. became 
very marked above 1400° C. These in order of impor- 
tance would appear to be: 

(a) Electrical leakage due to the refractory sheaths. 
becoming conductive 

(6) An e.m.f. at the cold junction, called the ‘ cold- 
junction error,’ which is more or less constant 
during the course of an experiment 

(c) Erratic temperature effects 

(d) Contamination 

(e) Non-uniformity of melting of the palladium 
wire at the ‘ palladium ’ point. 
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Of these, (c) and (e) have no effect when the ‘ dif- 
ferential’ method is used, but are encountered when 
making an e.m.f. determination on a thermocouple 
at the melting point of palladium. 


INVESTIGATIONS 
Design of Furnace 

To obtain the desired accuracy, the furnace design 
is most important. Five grooved rods, all of recrystal- 
lized alumina, are placed around an inner tube of 
recrystallized alumina, 1 in. dia. and 12 in. long, and 
clased at one end. The rods, which are 7 in. long, 
extend for one-third of their length beyond the closed 
end of the tube, and are supported by a short length 
of l-in. dia. tube. Around these rods is wound the 
‘inner winding.’ This assembly is then placed into 
a pure alumina tube whose diameter is such that it 
gives an easy sliding fit over the assembly. Seven 
grooved rods are placed around this tube, and on 
these is wound the ‘outer winding,’ the inner and 
outer windings being connected in series. The wire 
used for winding is 13% Rh-—Pt of 0-032 in. dia. 
The purpose of the rods is threefold: 

(a) To position the wire and hold it there 

(b) To lift the hot wire away from the tube so that 
it is heated by radiation and achieves a more 
uniform temperature 

(c) To increase the length of the wire, so that the 
energy dissipated per unit length of wire is 
reduced, with a consequent increase in the 
life of the winding. 

The whole assembly is then put into a tube of pure 
alumina, which is in turn placed into a tube of silli- 
manite. The open ends of the pure alumina tubes are 
closed by discs of pure alumina, having holes in 
appropriate positions for the central tube and the 
winding wire. This furnace is mounted on insulating 
brick in an asbestos-sheet box, and packed around 
with kieselguhr. The general arrangement is shown 
in Fig. 1. As regards the uniformity of temperature 
distribution, tests showed that when the temperature 
was rising at the rate of 3° C./min., the temperature 
did not vary by more than 7° C. over a range of 5 cm. 
from the closed end; over the centre 2 cm. of 
this range the variation was less than 1°C. Thus, 
during the period of test, when there is a very slowly 
rising temperature, the essential uniform conditions 
exist.} 

The furnace was heated by direct current obtained 
from a dynamo insulated from earth. The winding 
for the heating wire started at the front of the inner 
tube, so that the end of the winding was at the front 
end of the outer tube. The start of the winding was 
connected to the negative side of the generator, and 
this common junction was connected to earth; leakage 
from the high potential end of the winding is thus 
‘trapped’ by the earthed low-potential end. This 
simple device greatly reduced the erratic errors; they 
were finally eliminated by binding the sheaths insu- 
lating the thermocouple wires along their whole length 
with pure platinum wire, which was connected to the 
common earth terminal. 


Design of the Cold Junction 
For routine tests, a cold junction to which the 
thermocouple can be connected rapidly is necessary. 
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PRECIOUS-METAL THERMOCOUPLES AT THE PALLADIUM POINT 


The form adopted is shown in Fig. 2. Connection to 
the potentiometer is made by 22 8.W.G., D.C.C. copper 
wire; this is welded to 1 in. of pure platinum wire, 
which dips into the mercury. This junction between 
the copper and platinum wires is sealed into a 1-mm. 
dia. thermocouple sheath, which, with a second sheath, 
is sealed into a wider glass tube, and this combination 
is sealed into a small test tube containing redistilled 
mercury. The thermocouple wire is inserted down 
the second sheath, and makes the necessary contact 
by dipping into the mercury. 

The cold junctions are mounted in pairs in wooden 
supports and well coated with paraffin wax, to avoid 
penetration of moisture to the wire, and to provide 
good electrical insulation. In making a ‘direct’ 
determination of the e.m.f. of a couple, the cold 
junction must be in ice. Owing to conduction of heat 
along the wires and tubes of the cold junctions, a 
thermal e.m.f. may be produced. The effect on this 
of different depths of immersion in ice was tried, 
but at a depth of more than 2 in., no effect was 
found; a depth of 3 in. was therefore adopted. 


Correction for Stray E.M.F. at the Cold Junction 


In addition to the thermal e.m.f. noted, whose 
origin is known, a small e.m.f. is produced, either at 
the cold junction itself or in the leads to the potentio- 
meter; this is termed the ‘ cold-junction error.’ The 
source of this e.m.f. has not been determined pre- 
cisely; its value usually lies between — 0-25 and 
+ 0-25 wV., but it is occasionally much _ higher. 
Two methods can be used to eliminate this, the first 
being that of reversals; the second and more con- 
venient method is, at the end of the test, to remove 
the thermocouple wires and to bridge the cold junctions 
with a loop of pure platinum wire. The e.m.f. cf 
the bridged cold junction is then measured and 
applied as a correction to the e.m.f. of the thermo- 
couple. The two methods give the same result. 


Room-Temperature Control 


Low readings for the e.m.f. were obtained while the 
room temperature was rising, even slowly, e.g., from 
the heat from the calibration furnace; when the tem- 
perature in the laboratory was maintained steady, 
however, consistent readings resulted. The error 
produced by this changing room temperature is 
proportional to the e.m.f. being measured; thus, with 
a ‘direct’ determination of the e.m.f. ofa couple, where 
the e.m.f. is of the order of 18 mV., the error was 
30-40 uV. When a 13% Rh-Pt wire was tested 
against a 10% Rh-Pt wire, giving an e.m.f. of about 
2 mV., the error was 3-4 uV., but when a wire was 
tested against a similar wire, with an e.m.f. of a few 
microvolts, no error could be detected. Thus, the 
calibration of thermocouples by the ‘direct’ method 
requires rigorous control of room temperature, which 
is unnecessary for the ‘ differential’ method. 


Contamination 

To obtain concordant results at the ‘ gold point,’ 
it was necessary to take rigorous precautions to 
ensure the degree of cleanliness that is essential. The 
as-received wires were free from grease, having been 
cleaned with benzene, followed by nitric and hydro- 
chloric acids. Immediately before a test, the wires 
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Fig. 2—Design of cold junction 


were boiled in conc. nitric acid, washed with water 
followed by alcohol, and dried in a current of warm 
air. The wires were then placed in their sheaths, and 
the bridge of gold wire was made. Care was taken to 
keep the wires clean, and the couple was kept covered 
by a clean cloth until it was put into the furnace. 

When testing a couple at the palladium point, this 
cleaning treatment was given to both wires, which 
were then mounted in their sheaths with about 8 in. 
projecting. These ends were then cleaned in acid; 
as soon as they were dry, they were drawn back into 
the sheaths and the end kept under a watch glass 
until the bridge of palladium wire was made, when 
the assembly was immediately placed in the furnace. 
To repeat the test, the wire was cut off about 4 in. 
from the palladium bead, the ends of the wire were 
cleaned, and the junction was remade with palladium 
wire, precautions being taken to prevent contamina- 
tion. This scrupulous cleanliness seems to be essential 
if consistent results are to be obtained. 


The E.M.F. at the Palladium Point and Non- Uniformity 
of Melting of Palladium Wire 

The procedure for obtaining the e.m.f. at the 
palladium point has been described before.? Consistent 
values for the e.m.f. of a given thermocouple were 
obtained over four years by the ‘direct’ method, 
the precautions described being taken. 

The values of the e.m.f. at the melting point nor- 
mally rise steadily and remain constant ; then 
either the junction breaks or a further steady rise 
occurs before the break. 

Occasionally, however, the value of the e.m.f. is 
erratic, the rise is not steady, and a constant value 
is not obtained, so that the observations are not 
trustworthy. These results were puzzling until it was 
noticed that they were associated with the point of 
fusion of the palladium wire bridge. When the pal- 
Jadium wire fused in the middle, steady and satis- 
factory results were obtained, but when fusion 
occurred near either limb of the couple, erratic and 
unsatisfactory values resulted. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








412 KNOWLES AND JEWELL: PRECIOUS-METAL THERMOCOUPLES 


Table I 
RESULTS OF CHECKING EXPERIMENTS 





Electromotive Force at 1550°C., mV. 











wires DAE eet Cotaitenes seems 
Pt +0-009 +0-010 
13% —0-081 —0-083 
10% +0-036 +0-037 








Technique of the ‘ Differential’ Method 


The fundamental factor in using the differential 
method is that the e.m.f. to be measured is much 
smaller ; consequently, errors that are proportional to 
the value of the quantity being measured become neg- 
ligible, but other errors become increasingly important. 
Thus, temperature control becomes unimportant, no 
ice is required for the cold junctions, the upper temper- 
ature need not be known with high accuracy, which 
dispenses with the need for palladium wire, and the 
temperature of the furnace can be measured with a 
millivoltmeter, so that there is no need to keep the 
temperature of the laboratory steady. On the other 
hand, a small e.m.f., such as the cold-junction error, 
becomes more important, especially in the case of 
tests made by the producer, who must test each new 
melt of wire against the previous melt; after testing 
ten melts he may easily obtain a cumulative error 
of 5 uV. with respect to the original wire. This 
cumulative error will not apply to the user, who would 
test each wire against the wire he has kept as a 
standard. 

The two wires to be compared are cleaned as 
described ; the ends forming the hot junction are 
welded, using an are between graphite electrodes 
kept specially for the purpose, and are then recleaned 
by boiling in nitric acid. After washing with distilled 
water, they are dried, and immediately assembled in 
their sheaths ; after binding with the pure platinum 
wire, they are inserted into the furnace. The 
wires are never left uncovered, and are inserted into 
the furnace with the minimum delay. If this very 
rigorous cleaning procedure is not performed for every 
determination, erratic results are obtained. 

The differential e.m.f. is then measured, precautions 
being taken against leakage and the cold-junction 
error applied. 


RESULTS 
To check the methods, and to make sure that there 
were no systematic errors, a number of: 

(a) Platinum wires (designated Pt,—Pts) 

(6) 10% Rh-90% Pt alloy wires (10%,-10%,) 

(c) 18% Rh-87% Pt alloy wires (13%,-13%s 
were taken and compared. Thus, Pt, was compared 
with Pt,, Pt, with Pt,, etc., and finally Pt, with Pt,. 
Similarly, results were obtained for the 10% and 
13% wires; these are shown in Table I. 

The close agreement of the ‘ direct’ observation of 
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the e.m.f. with the value obtained through the series 
shows the absence of any appreciable systematic 
error. The values of the ‘ differential ’ e.m.f.’s for these 
wires are larger than those obtained in wires passed 
for sale; these wires were chosen because it was 
desired to determine whether or not the non-rigorous 
control of temperature had any effect. 

It now remained to show that these ‘ differential ’ 
e.m.f.’s could be applied as an addition to the known 
e.m.f. of a standard couple to give the e.m.f. of a 
new couple. To do this, the e.m-f.’s of 10% Rh-—Pt 
wires were measured against platinum, the e.m.f.’s of 
13% Rh-Pt against platinum, and the e.m.f.’s of 10% 
against 13% wires. By adding algebraically these 
results to the ‘differential’ e.m-f.’s for the three 
types of wire, the e.m.f. of any couple can be calcu- 
lated. A typical result is as follows: 

—o Pt, (measured directly) : e.m.f. = 18-169 
my. 

13%. versus Pt, (calculated from results of 10%, 
versus Pt,, Pt, versus Pt,, 10%~ versus 10%, and 
13%. versus 10%.): e.m.f. = 18-170 mV. 


The close agreement is satisfactory. 


CONCLUSION 


Provided that a satisfactory design of furnace is 
adopted, and used with a simple technique for the 
elimination of leakage currents, accurate values of 
the e.m.f. of a thermocouple can be obtained using 
the differential method. This removes the need to 
determine the e.m.f. of a couple at the melting point 
of palladium for each new supply of wire. All 
that is required is the e.m.f. of some standard couple 
and the differential e.m.f.’s of the new wire measured 
against the wires of this standard couple to give 
the e.m.f. of the new couple. It is therefore only 
on the few occasions when the e.m.f. of the standard 
couple is being determined, or when it is felt 
desirable to make a direct determination, that 
elaborate precautions need be taken and a difficult 
determination made. On all other occasions, a 
relatively easy measurement, not involving the use 
of palladium wire, is all that is required to give a 
much greater accuracy than is really needed. 
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Absorptiometric Determination of Tungsten in Steel 
By the Methods of Analysis Committee 


SYNOPSIS 


A method has been developed for the absorptiometric determination of tungsten in steel. 
tions from other alloying elements are necessary, and the only one which interferes is vanadium. 


No separa- 
If the 


vanadium content of the sample is known a correction can be applied. 
The method depends on the yellow colour produced by reduced tungsten solutions with thiocyanate in 


strongly acid solution. 


Stannous chloride is used as a reducing agent, and the subsequent addition of a small 


amount of titanous chloride eliminates the interference due to molybdenum. 


Introduction 


HE direct chemical method for the determination 
T of tungsten in steel described in B.S.1121 : Part 3: 
1948 is not satisfactory for contents below about 
0-5%. The B.I.S.R.A. Physico-Chemical Methods of 
Analysis Sub-Committee has therefore examined 
absorptiometric procedures applicable to lower tung- 
sten levels. The constitution of the Sub-Committee 
carrying out this investigation was (3lst December, 
1951): 
Mr. H. G. SHORT 


(Chairman) 
Mr. D. BAGSHAWE 


National Physical Laboratory 


Brown-Firth Research Labora- 
tories 

Colvilles, Ltd. 

Metropolitan Vickers Electrical 
Co., Ltd. 

R.A.E., Farnborough 

Geo. Senior and Sons, Ltd. 

Philips (Electrical), Ltd. 

Bragg Laboratory, N.O.I.D. 

Kayser Ellison and Co., Ltd. 

British Cast Iron Research 
Association 

G.K.N. Research Laboratories. 


Mr. D. BELL 
Mr. H. Cox 


Mr. H. C. DAvIs 

Mr. F. E. EBORALL 
Mr. C. H. R. GENTRY 
Mr. H. Groom 

Mr. S. HARRISON 
Miss R. PRESSER 


Miss L. E. SPARROW 


A review of earlier colorimetric methods for the 
determination of tungsten appeared in a paper by 
Westwood and Mayer,! which presented a method for 
tungsten in iron depending on the colour produced 
by reduced tungsten with thiocyanate. All the 
methods based on thiocyanate have the disadvantage 
that the valency state of the tungsten in the final 
coloured complex is not known. The possible form- 
ation of hetero-polyacids with elements such as 
vanadium and molybdenum is an additional compli- 
cation. 

The alternative which appeared worthy of con- 
sideration as a colour method was that of Bagshawe 
and Truman?; this was based on toluene dithiol as 
the colour-forming reagent. Examination showed that 
the procedure gave accurate results, but the operations 
involved were lengthy, mainly owing to the necessity 
for the prior separation of molybdenum, which gave 
a strongly interfering colour with the dithiol reagent. 
Amyl acetate extractions, in one case from hot, 
strong, hydrochloric acid solution, were also an un- 
pleasant feature of the method. 

Attention was therefore concentrated on the thio- 
cyanate procedure, with a view to producing a 
method which would be applicable to the widest 
possible range of samples and which would involve 
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neither a preliminary separation of tungsten as oxide 
nor the removal of molybdenum. 

The recommended procedure for the method finally 
adopted, which has been designed for tungsten con- 
tents up to 3%, will be found in the Appendix. 


EXPERIMENTAL WORK 

Solution of Sample 

It was obviously highly desirable that the method 
finally adopted would tolerate the presence of phos- 
phoric acid. The use of the latter during the solution 
of the sample ensured that the tungsten remained in 
solution. Without it, precipitates were obtained which 
contained tungsten and had to be filtered and exam- 
ined separately. On the other hand, the difficulty of 
obtaining quantitative precipitation of tungsten as 
oxide has always been an obstacle to the accurate 
determination of small amounts of tungsten in steel 
by gravimetric methods. 


Reducing Agent for Formation of Thiocyanate Complex 


Preliminary trials on a _ thiocyanate/stannous- 
chloride method, essentially that of Westwood and 
Mayer,! showed that interference by vanadium and 
molybdenum, particularly the former, was serious and 
that correction graphs would be required for both 
these elements. Vanadium was reduced to a lower 
valency state and gave a yellow thiocyanate similar 
to that of tungsten. Molybdenum was reduced to 
a state (probably trivalent) in which it gave a colour- 
less thiocyanate, but a small proportion was present 
in the pentavalent condition and produced the reddish- 
orange compound formed in thiocyanate methods for 
molybdenum in steel, the latter being usually carried 
out in dilute acid solution. 

The addition of small amounts of fluoride to the 
final coloured solutions prevented interference by 
molybdenum but also introduced instability of the 
tungsten complex. However, the addition of a small 
amount of titanous chloride solution destroyed the 
slight residual colour due to molybdenum thio- 
cyanate, and this discovery gave the possibility of a 
direct method in which the only interfering element, of 
those normally present in steel, was vanadium. 

The method of Gentry and Sherrington,’ using tin 
amalgam as a reducing agent, was also tried, but in 
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Table I 


INTERFERENCE OF VANADIUM AT DIFFERENT 
TUNGSTEN LEVELS 
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this case molybdenum interference was more serious 
than with stannous chloride reduction. The latter 
procedure was also considered to be more convenient 
in manipulation. 


Interfering Elements 

Molybdenum—Using titanous chloride in addition © 
to stannous chloride as a reducing agent, molybdenum 
contents up to 4% gave no measurable interference 
with tungsten determinations under the experimental 
conditions described later (see Appendix). 

Vanadium—The interference of vanadium was not 
completely independent of the tungsten content, 
probably owing to the formation of complex acids. 
This is shown in Table I, where the tungsten equiva- 
lent of the vanadium colour is given at various 
tungsten levels. 

For vanadium contents below about 0-3% no 
significant error is introduced by a linear correction 
graph for vanadium, on the basis of subtracting 
0-019% from the tungsten figure for each 0-1% of 
vanadium present. For accurate tungsten results on 
samples with high vanadium contents the vanadium 
correction should be determined on synthetic tests 
approximating in composition to the samples. 

Cobalt—5% of cobalt gives no measurable inter- 


ference under the experimental conditions finally 
adopted. 

Niobium—In a sample containing 3% of niobium, 
the oxide went completely into solution at the stage 
following the fuming with sulphuric—phosphoric acids, 
and no interference was subsequently produced in 
the determination of tungsten. 


RESULTS 


In Table II, the results obtained on a range of steels 
by the method described in the Appendix (B columns) 
are compared with those of the dithiol method? (A 
columns). Each figure in the B columns is the mean 
of three individual results, whilst those in the A 
columns are single determinations. For each operator 
the reproducibility obtained was very high; the 
following figures are typical of the results submitted: 
Reproducibility of Results (One Operator): Tungsten (%) 

Sample No. 

20 50 65 78 79 128 
0-015 6-70 0-36 0-55 0-68 2-23 
0-015 6-62 0-36 0-55 0-66 2-20 
0-025 6-70 0-36 0-55 0-68 2-22 
The distinctive features of the samples in Table IT 

were as follows: 


Sample No. 
20 1-5% Mo 
50 4-:6% Cr, 4:2% Mo, 1-4% V, 0-7% Co, 
0:9% C0 
6 1:1%C 
78 0°5% Cr, 0°3% Ni 
70 1-5% Cr 


124 18% Cr, 8% Ni 

128 1-8% Cr, 0°2% V 
It is considered that these results afford satisfactory 
evidence of the reliability of the method and of the 
absence of interfering effects. 


APPENDIX 
Method of Test 
Reagents 
Phosphoric-sulphuric acid mixture: 15% of each 
acid by volume. 














Table II 
SUMMARY OF RESULTS: TUNGSTEN (%) 
Sample No. 
Operator No. 20 50 65 78 79 124 | 128 

A B | A | B A | B | A | B | A B | A | B | A | B 
1 0-02 | 0-02 6°44 | 6°67 | 0°35 | 0-36 0-55 | 0-69 | 0-67 | 0-20 | 0-20 | 2-20 | 2-22 
2 0-02 | 0:02 6:53 | 6-41 | 0-35 | 0-34 | 0-56 | 0-57 | 0-66 | 0-60 | 0-15 | 0-18 | 2:18 | 2-14 
3 Nil 6°73 0-34 0-54 0-66 0-16 2-15 
4 Nil 6-67 0-35 0-55 0-66 0-17 2-19 
5 0-02 | 0-04 6-69 | 0-35 | 0-35 | 0-55 | 0-55 | 0-66 | 0-68 0-20 | 2-16 | 2-19 
6 0-04 6-6-— 0-37 0-56 0-65 2-15 
7 0-02 | 0-02 6:63 | 0-35 | 0-35 | 0-54 | 0-56 | 0-66 | 0-66 | 0-20 | 0-19 | 2-20 | 2-18 
8 0-03 | 0-025 6-62 | 0-35 | 0-35 | 0-53 | 0-55 | 0-64 | 0-66 | 0-21 | 0-20 | 1:98 | 2-15 
9 0-02 | 0-01 6-73 | 0:33 | 0-35 0-56 0-67 2-20 
10 0-03 | 0-02 6-75 | 6-75 | 0-35 | 0-34 | 0-55 | 0-55 | 0-66 | 0-67 | 0-16 | 0-18 | 2:23 | 2-23 
























































A—Dithiol method’ 


B-—Thiocyanate method (see Appendix) 
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SIMS: PERFORMANCE OF HYDRODYNAMICALLY LUBRICATED ROLL NECK BEARINGS 415 


Stannous chloride: 0-5% in 50% v/v HCl. 

Titanous chloride: 1 g. of titanium metal in 100 ml. 
of 25% v/v HCl. 

Ammonium thiocyanate: 25% w/v. 


Procedure 


Dissolve 1 g. of sample by warming in 40 ml. of 
phosphoric-sulphuric acid. Oxidize with nitric acid 
(sp. gr. 1-42) and evaporate to fumes. Allow to cool, 
add 50 ml. of water and digest until all soluble salts 
are redissolved. Filter if necessary (see Note 1). Cool 
and dilute to 100 ml. in a graduated flask. 

Pipette two 5-ml. fractions (a) and (6) into 50-ml. 
graduated flasks and treat as follows: 

(a) Test solution. Add 40 ml. of stannous chloride 
solution, 3 ml. of ammonium thiocyanate solution, 
and 0-2 ml. of titanous chloride solution, mixing well 
between each addition; dilute to 50 ml., mix thoroughly, 
and stand for 5 min. 

(6) Compensating solution. Add 40 ml. of stannous 
chloride solution; dilute to 50 ml., mix thoroughly, 
and stand for 5 min. 


Obtain the difference between the absorption read- 
ing on a Spekker absorptiometer (1-, 2-, or 4-cm. cells, 
mercury lamp, Ilford 601 + 503 filters) of the test 
solution and that of the compensating solution, and 
convert to percentage tungsten from a calibration 
curve prepared from synthetic samples, to which the 
above procedure is applied (Note 2). 

Notes 

(1) Samples containing large amounts of silicon may 
require filtration at this stage. 

(2) Samples containing vanadium require a cor- 
rection for vanadium content. For the magnitude of 
this correction see Interfering Elements. 
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Performance of Hydrodynamically Lubricated 
Roll Neck Bearings 


By R. B. Sims, B.Se., A.M.I.Mech.E., A.Inst.P. 


SYNOPSIS 


An experiment is described for measuring the mean thickness of the oil film in the bearings of a 
rolling mill during periods of acceleration and deceleration. The results include measurements made 
on the B.I.S.R.A. 2-high experimental mill and on a large 4-high cold strip mill. The change in film 
thickness with speed depends to some extent on the rolling load, and a hysteresis effect is shown 


when the mill is accelerated from cold. 


The effect of changes in the thickness of the oil film on the gauge of cold rolled strip is discussed. 


EVERAL explanations have recently been advanced 
to explain why, in cold rolling, the thickness of 
the rolled material decreases as the mill is acceler- 

ated and increases again as the mill is retarded. It 
is generally agreed that this speed effect is due either 
to changes within the roll gap! or to changes in the 
oil film thickness in fluid film bearings.?»* It is, 
however, observed in all mills, including those fitted 
with roller bearings,! and hence the variation in 
strip thickness with speed cannot always be attributed 
to changes in the roll neck bearings. The main cause 
must therefore be the changes in conditions in the 
roll gap, and experiments by Sims and Arthur* have 
shown that the friction between the rolls and the 
strip is the speed-dependent variable. Variations 
occur with speed in the oil film of hydrodynamically 
lubricated roll neck bearings, although they have not 
been measured hitherto over a wide range of mill 
speeds. In this paper, experiments are discussed 
which indicate the magnitude of the change in film 
thickness and its contribution to the total speed effect. 

The hydrodynamically lubricated fluid film bearings 
fitted to rolling mills are usually partial bearings with 
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a bearing arc of 100-140° and a length/diameter ratio 
between 0-60: 1 and 0-90:1. The changes in film 
thickness with speed cannot be calculated with 
certainty for a given bearing, and at present an 
experimental approach is the only method likely to 
furnish reliable data. On the other hand, a direct 
measurement of the oil film thickness is difficult to 
carry out and is liable to considerable experimental 
error. (A review of an electromagnetic method of 
great sensitivity used by the National Bureau of 
Standards of America is given in Scientific Lubrica- 
tion.®) In the experiments described below, the 
average change in the oil film thickness in all four 
bearings of a mill was obtained from measurements of 
the roll loads as the mill speed was varied. 
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Fig. 1—Relation between load and roll-gap extension 


When the rolls of a mill are pressed together, the 
load applied depends on the position of the mill screws. 
The relationship between them has been determined 
for the B.I.S.R.A. experimental mill (described by 
Ford®) with the rolls rotating at speeds between 19 
and 115 r.pm. The roll loads were measured by 
loadmeters, of the type described by Sims, Place, 
and Morley,’ placed under the screws. An alternative 
experiment consisted of rolling strip of varying widths 
and thicknesses, and obtaining the relationship 
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between mill load and rolled strip thickness. The 
results from both experimental methods are given in 
Fig. 1, in which, for ease of comparison, the thicknesses 
of the rolled strips and the screw displacements in 
each set of experiments have been adjusted so that 
the results pass through the point (0,40) on the graph. 
This is equivalent to carrying out all the experiments 
from one setting of the mill screws. 

At loads greater than about 20 tons, the relationship 
is linear and 


OF /0S = OF /dh = M = 1910 tons/in.,...... (1) 


where F is the roll load, S is the setting of the mill 
screws, h is the thickness of the rolled strip, and M 
is the elastic constant of the mill. It follows that 
the equation between roll load and strip thickness is 


P wR OBB sidscisiccness (2) 


This relationship was determined with the rolls fitted 
with self-aligning roller bearings, but as the elastic 
constant M is dependent on the total elastic strain 
in the mill structure and the rolls, to which the bearings 
contribute only a small proportion, it is unlikely that 
the relationship will be altered appreciably by re- 
placing the roller bearings with hydrodynamically 
lubricated bearings. 

The rolls were then fitted with hydrodynamically 
lubricated roll neck bearings and were pressed together 
to give a nominal mill load of 30 tons. The loads at 
each screw and the driving torque on each of the mill 
spindles were measured at mill speeds* between 50 
and 300 ft./min. The screw settings were not altered 
during the changes in speed. Dimensions and 
surface finishes of each of the bearings are given in 
Table I. The relationship was determined between 
the coefficient of bearing friction f and the dimension- 
less group H,= ZN/p, where Z is the average 
viscosity of the oil as it enters and leaves the bearings 
(centipoises), N is the angular velocity of the rolls 
(r.p.m.), and p is the projected area pressure on the 
bearing shell (tons/sq. in.). These results are given 
in Fig. 2. It is considered that H, has been measured 
to +3% and the coefficient of bearing friction to 





* The linear mill speed is the speed of the roll surfaces. 
In the experimental mill, the mill speed V = 2:62N 
ft./min., where N is the angular roll speed in r.p.m. 














Table I 
DIMENSIONS OF ROLL NECK BEARINGS IN THE 10 in. x 10 in. EXPERIMENTAL MILL 
Quantity Upper Roll Lower Rall 

Vertical Horizontal Vertical Horizontal 

Roll dia., in. 9-9575 9-9575 9-9575 9-9575 
Roll neck dia., in.: Driveside 7-4881 7-4881 7-4888 7-4888 
Workside 7-4881 7-4881 7-4884 7-4884 
Workside Driveside Workside Driveside 

Bearing length, in. 6-125 6-50 6-09 6-06 
Bearing width (chord), in. 6-125 5-75 6-375 6-125 

Bearing angle 110° 100° 116° 110° 
Bearing dia. vertical, in. 7-5020 7-5015 7-5027 7-5022 























Average Surface Finish : 
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Upper Roll, 15 micro-in. 
Lower Roll, 12 micro-in. 


Upper Roll Necks, 31 micro-in. 
Lower Roll Necks, 32 micro-in. 
White Metal Bearing Surfaces, 32 micro-in. (average of all four bearings) 
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Fig. 2—Relation between the coefficient of bearing friction f and the dimensionless group He = ZN/p 


within + 7% at the smallest values and generally to 
within 1%. The scatter in the relationship between 
f and H, in Fig. 2 is real and is a measure of the 
variations to be expected in bearings of this size, 
loading, and surface finish. 

The experiment was repeated at loads of approxi- 
mately 50, 70, and 80 tons. If the thicknesses of the 
oil films in the bearings had increased with speed 
during the experiment, they could have done so only 
by lifting the bearing shell off the necks against the 
elastic restraint of the mill frame, screws, and rolls. A 
change in film thickness will be accompanied, under 
these conditions, by a change in roll load that can be 
taken as a measure of the average change in the 
bearings. If AF is the observed change in the roll load, 
then from equations (1) and (2) and from the fact 
that h = 0 in these experiments, the average change 
in film thickness, Az in., may be written 


AF , 
Az = + isi0 Sie aie aawaenshawsneen (3) 


The experimental results are given in Fig. 3. In 
Fig. 3a, each set of results at the same nominal load 


was determined soon after the mill was set in motion. 
It will be noticed that there is considerable ‘ hysteresis’ 
between the values obtained with an increasing load 
and a decreasing load. The results given in Fig. 3b 
were all obtained after the mill had been allowed to 
run under load for 2 hr. Hysteresis is negligible in 
these results, and it is believed that as the load was 
increased on the cold bearings the frictional heat 
generated gave rise to thermal expansion of the roll 
necks and bearing shells. This expansion of the 
bearings is also accommodated by an elastic deforma- 
tion in the mill structure, and the resulting increase 
in the roll load does not decrease immediately when 
the mill speed is decreased. The thermometers fitted 
in the inlet and outlet pipes were not sufficiently 
sensitive and accurate to record a change in the oil 
temperature. 

The results shown in Fig. 4 were obtained in a mill 
fitted with 28-in. dia. roll neck bearings with total 
clearances between 0-018 in. and 0-028 in.; the surface 
finish on the necks and bearing shells was not known, 
but from visual inspection it was clearly much finer 
than on the bearings of the experimental mill. There 
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Fig. 3—Effect of speed on film thickness, for various nominal loads. (a) Results obtained soon after the 
mill was started; (6) results obtained after the mill had run under load for 2 hr. 
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Fig. 4—Effect of speed on film thickness for a mill 
fitted with 28-in. dia. roll neck bearings. Nominal 
load 1800 tons; mill run from cold 


is some hysteresis in the results, as the mill was run 
from cold. 

The results in Fig. 3 show that the film thickness 
varies with the mill speed and, to a lesser extent, 
with the mill load. The change is not linear with 
speed, but is slightly concave to the velocity axis. 
From Fig. 3b, the average change in the bearing film 
thickness when the mill speed is varied between 50 
and 250 ft./min. (19 and 96 r.p.m.) is 0-0006 in. The 
relationship between film thickness and mill speed 
for the larger bearings is very nearly linear, and the 
average change in film thickness as the roll speed is 
varied from 50 to 250 r.p.m. is 0-0009 in. 

The change in rolled strip thickness due to an 
increase in the oil film thickness as a mill is accelerated 
may be shown on the diagram of roll force versus strip 
thickness (F'/Ah diagram) as in Fig. 5. The construction 
of an F/h diagram and its interpretation have been 
described by Hessenberg and Sims.® The line LL’ 
represents the effect, on the rolled strip thickness, of 
the elastic characteristics of the mill, and the curve 
NN’ may be calculated when the yield strength of 
the strip, its initial thickness, the work-roll radius, 
and the strip friction are known. The lines LL’ and 
NN‘ will be termed the ‘ elastic ’ and ‘ plastic ’ lines, 

‘respectively. The co-ordinates of their intersection 
at Q are the rolling load and rolled strip thickness for 
the given set of rolling conditions. 

When a mill fitted with hydrodynamically lubri- 
cated bearings is accelerated, the effect of the increase 
in oil film thickness is equivalent to a decrease in the 
roll setting. The elastic line LL’ will be displaced to 
L,L,', where LL, is proportional to the change in 
the oil film thickness of both bearings in one side of 
the mill. At the same time the coefficient of friction 
will decrease, and the plastic line will change from 
NN’ to NN,’. Figure 5 has been calculated for the 
experimental mill rolling a rimming steel strip 
0-063 in. thick and 3-5 in. wide; the rolls are assumed 
to be just touching at a, mill speed of 30 ft./min., and 
as the mill is accelerated to 300 ft./min. the coefficient 
of friction falls from 0-08 to 0-05 while the film thick- 
ness of the bearings changes by 0-0018 in. The co- 
ordinates F, and hy of the point of intersection P 
give the changed roll load and exit thickness at the 
maximum speed. If the film in the bearings had not 
changed in thickness with the mill speed, the 
intersection of the elastic and plastic lines would 
have been at the point R, and although the change 
in rolled thickness would not have been so great, the 
roll load would have been lower. The co-ordinates 
of the point M show the speed effect when the rolling 
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friction does not change with speed. The co-ordinates 
of the points Q and R agree closely with experimental 
measurements of the speed effect due to friction on 
this materia]. 

From the experiments of Sims and Arthur,‘ the 
change in friction appears to be, to a first approxima- 
tion, an exponential function of mill speed, and most 
of the change in strip thickness due to this cause 
occurs early in the acceleration period. The results 
given above indicate that the change in bearing film 
thickness is nearly linear with speed; hence, in a mill 
fitted with hydrodynamically lubricated bearings the 
speed effect will persist throughout the period of 
acceleration, whereas in a mill equipped with plain 
or roller bearings the speed effect will be substantially 
complete during the first half of the acceleration 
period. 
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The Rolling of Precision Rounds in the U.S.A. 


By R. Stewartson, M.A., A.M.I.Mech.E. 


SYNOPSIS 


An attempt is made in this paper to analyse the factors that enabled some American mills to 


produce very high-quality rounds. 


much of the accuracy was due to careful practice and sound mechanical design. 
good water supplies. 
The different pass designs used are discussed, with particular 


almost universally used, partly because of the 
that leader ovals were properly held. 


Uniform heating and continuous production were advantages, but 


Fabric bearings were 
Roller entry guides ensured 


reference to the three-plug finishing pass, the principle of which seems sound. 


URING 1950, the author visited America under the 
|} auspices of the Mond Nickel Fellowships Com- 

mittee, who provided funds and arranged visits 
to most of the important rolling-mill installations 
and some specialized plants. Visits were generally of 
limited duration, so that intimate details of opera- 
tional technique could not always be readily studied; 
this paper cannot therefore be regarded as compre- 
hensive, but it is hoped that it will be of value in 
promoting discussion and thought. 


PRECISION ROUNDS 


For the purpose of this paper a ‘ precision round ’ 
is defined as a round bar rolled by the guide method 
to within + 4% (or 1% overall) of the required 
dimensions, both in size and out-of-roundness. In 
practice, this means a guide round rolled to within 
hand-round tolerances. 

In the principal American standards for hot-rolled 
round bars, the overall tolerance is roughly 2% of the 
finished diameter (see Table I), but the normal low- 
carbon steel product from high-production mills was 
not always rolled to tolerances as close as these. They 
were always specified for the better class of bar, e.g., 
cold-headed bolt and nut stock. 

Some products were regularly rolled to within half 
these tolerances, and can be regarded as ‘ close- 
tolerance ’ or ‘ precision’ rounds. They were rolled 
in carbon and alloy steels for use in automatic 
machine-tools, and an enormous field has been created. 
during the last 10-12 years by the adoption of coil 
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springing for motor cars, using the grades of steel 
given in Table II. Much attention has been given 
to the rolling of coil-spring rounds, as surface de- 
carburization and defects have to be removed by 
centreless grinding. It is quite possible that rolling 
practice for this material represents the best that is 
being done regularly. 


TYPES OF MILL 


Of the several mills in which rounds of precision 
quality were claimed to be rolled, most were of the 
fully or semi-continuous type shown in Figs. 1 and 2. 
This does not imply, however, that good-quality 
rounds were not being rolled on the numerous small 
jobbing train mills, similar to those of the Sheffield 
trades. An old 12-in. 3-high train mill was rolling an 
excellent product, and the modern mechanized version 


Table I 


AMERICAN STANDARD TOLERANCES FOR HOT- 
ROLLED ROUND BAR 

















Variations from 
Size, in. Out-of 
Specified Sizes, Round, 

in. in. 

Over Under 
To +; incl. 0-005 0.005 0-008 
Over ~ to 7% incl. 0-006 0-006 0-009 
Over ¥ to $ incl. 0-007 0-007 0-010 
Over 3 to { incl. 0-008 0-008 0-012 
Over { to 1 incl. 0-009 0-009 0-013 
Over 1 to 1} incl. 0-010 0-010 0-015 
Over 1} to 1} incl. 0-011 0-011 0-016 
Over 1} to 1% incl. 0-012 0-012 0-018 
Over 1} to 1} incl. 0-014 | 0.014 0.021 
Over 13 to 2 incl. ax ox 0-023 
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Fig. 1—18/14-in. semi-continuous merchant mill 
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Table II 
COIL-SPRING STOCK FOR AUTOMOBILES 
A.LS.1. 
Grade No. .% Mn, % Si, % Cr, % Mo, % 
9260 0.55-0-65 0-70-1-00 1-80-2 .20 Pa 
5160 0-55-0-65 0-75-1-00 0 -20-0.35 0-70-0-90 ea 
4068 0-63-0-70 0-75-1-00 0-.20-0.35 ae 0 -20-0-30 


shown in Fig. 3 regularly produced close-tolerance 
rounds. 

The high-production units shown in Figs. 1 and 2 
rolled large orders of automobile-spring stock. In all 
cases guide rolling was practised: hand rolling was, 
in fact, practically extinct for sections below 2 in. in 
diameter. The accuracy of product, claimed to be 
within + 4%, was in fact confirmed by measurement 
of pieces rolled, of which Table III gives a typical 
selection at one mill of this type. 

Yields were difficult to assess because much common 
steel was rolled in addition to the accurate product, 
and the figures were not always available separately, 
but the mill shown in Fig. 2 claimed a figure compar- 
able with that obtained on normal products; it had 
many features that may have been related to a 
good yield. On the other hand, a lower figure was 
claimed in the merchant mill of Fig. 1, but in- 
cluded rejections from a rigorous magnaflux test. 


BILLET PREPARATION AND HEATING 


To eliminate surface defects, the general condition- 
ing practice for spring rounds was to pickle and spot- 
chip the billets. In one mill, which rolled alloy steels 
only, all billets were completely skinned by torch or 
mechanical chipping, and in at least one other case, 
full surface grinding was being tried (on grade 5160), 
so as to reduce rejections in magnaflux testing. 

Opinion seemed to favour continuous furnaces, and 
more uniform heating from billet to billet was claimed, 
especially when automatic control was fitted. Such 
furnaces were usually associated with high-production 
mills, and it was perhaps to be expected that only in 


the 12-in. hand-operated 3-high train mill, with small 
and varied orders, were batch furnaces to be found. 


MECHANICAL FEATURES 
Bearings 

With the exception of the 12-in. train mill and a 
semi-continuous cross-country mill, fabric water- 
lubricated bearings were used in the finishing stands 
of all the mills described. Fabric bearings had been 
tried in the former, but the copious water require- 
ments led to splashing on the rolls, which was detri- 
mental to the tool steels that formed a large pro- 
portion of the order book. In the cross-country mill, 
only the upper range of bar sizes (above 1 in. dia.) 
were rolled, where the tolerances are wider. 

It was widely appreciated that fabric bearings gave 
longer life than the normal white metal or brass 
bearing, and that the less frequent need for adjustment 
would clearly help to produce an accurate product. 
Long periods of rolling to size without adjustment 
for bearing wear were claimed. 

Although the ability to withstand thrust loads was 
said to be a principal virtue of the fabric bearing, the 
most recent development has been to fit fabric 
bearings for radial load only, with an accurately 
adjustable outrigger roller thrust bearing for the axial 
loads. Such bearings, now marketed commercially, 
were fitted to the most modern installation visited. 

Roller bearings had been fitted to the finishing 
stands of the mill in Fig. 1, but were replaced by 
fabrics, which, being smaller in exterior dimensions, 
enabled further dressing to be carried out on worn 
rolls. 











Table III 
TYPICAL MEASUREMENTS AT ONE MILL 
Measured Dimensions, in. 
Type of Steel Ordered size, Max. Difference Error, 
(A.LS.I. Grade) in. Top-Bottom Shoulders Side to Side between A, B, C, % 
and D, in. 
A B c D 
4337 1.6875 1-695 1-698 1-693 0-0125 0.74 
1-700 
4340 1-6875 1-696 1-700 1-694 0-0135 0-8 
1-701 
8653 1-6875 1-697 1-701 1-695 0-0155 0-92 
1-703 
4615 1-719 1-718 1-721 1-715 0-008 0.47 
1-723 
4024 1-719 1-722 1-724 1-720 0-007 0.41 
1-726 
1330H 1-75 1-755 1-754 1-753 0-006 0.34 
1-756 
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Table IV a 
Roller guides were extensively used in finishing LIFE OF ROLLERS BETWEEN DRESSINGS 
stands, and often in leader and intermediate stands Roller Guide Range of Rounds Tons/Dressing gu 
as well. Of the mills described, only two had found A 24 in.-2% in. 8000 is 
them unsuccessful owing to the build-up of metal B 13 in.-2 4 in. 8000 ca 
particles on the rollers after a few hours’ service. The . 1} inl ts in. 6000 te 
fact that their products were mainly alloy steels ibitelin alina — ov 
containing nickel, particularly stainless grades, may wi 
have had some bearing on this, but the guides were pl 
abandoned in favour of the less costly and more easily is 
replaced cast guides. The problem of metal pickup ra 
High- Wellman was said to have been overcome in other mills by ar 
nae wid furnace using hard-faced rollers. th 
booth In a modern high-speed straightaway mill, roller le: 
entry guides were fitted to the last 13 of 18 stands. er 
ba Despite the high initial cost and maintenance require- T 
ments, they were said to be worth-while because of al 
their long life, the reduced necessity for adjustment, te 
A rH and the improved quality of rolled stock. On the is 
- finishing stand, a snatch box was used to open out the a 
+ guide for entry of the front end of the bar, which hi 
4 tended to be cold and slightly deformed; a box of this m 
iste type with rack-and-pinion wedge adjustment is shown tl 
HT | in Fig. 4. ay 
1s00he Hy Rollers were sometimes mounted on ball bearings, b 
rn but tapered roller bearings were more often used for al 
in the heavier sections: they gave a life of 2000-10,000 
. pm. t Net ae tons throughout, compared with up to 3000 tons for 
‘ ball bearings. Good lubrication, usually by grease gun 
every few hours, was very necessary for the best 
‘ata performance, together with a copious supply of cooling tl 
water. In at least one case, high-pressure sprays were fe) 
| 13 directed on to each roller. p 
a hae 8 patil | 3 z The figures given in Table IV for the life of rollers 
‘oar v between dressings are from a recent American paper.* v 
IT = = - . _ ¥ 
So LLLoying reels These rollers, which were designed with diamond a 
‘o] grooves said to give a more positive grip on oval bars se 
bas dinaener than curved grooves, enabled a range of sizes to be W 
dealt with by the one roller, and could be machined ti 
down to take the next smaller size after two or three h 
#_ Hook dressings on one size, with a maximum overall life W 
Pr eonveror of ten dressings. e 
ti 
— fl coit * C.S. Lambert, Iron Steel Eng., 1951, vol. 28, No. 11, h 
Osten bar’ = furnace pp. 79-88. e 
cooling bed r 
Cc 
7 
ze 10-in. No. 1 Mill a 
v 
1 Stand | Type Roll Dia., in. | Roll Length, in. D 
c 
| 1 2 high 18 i 
' 2 2 high 18 Vv 
| 3 a 
4 3 high 16 60 ‘ 
6 2 high 16 30 f 
7 Alternate c 
: 2 high ” = 
10 Alternate a 
1 ad high ” = | 
1 ternate 
sheer 13 2 high ” si f 
a 


Fig. 3—10-in. mechanized train mill 
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In comparison with the ad- 
vantages, the cost of rollers 
} and bearings in a roller entry 
8 guide is very small. The stock 
is gripped more tightly than in pinion 
cast guides, which reduces the ee el ee hy. tke 
tendency of an oval to fall : Ae ai. 
over and to roll to a round ~~ 
nay with a high shoulder. A more iat 
ere plump oval can be used, which eke HE 
sily is desirable when rolling accu- 
cup rate rounds. If these guides 
by are fitted to a number of stands, 
they help to produce a good 
ller leader oval by ensuring correct 
ds. entry for the earlier passes. 
ire- They also reduce scratching, _ 
of and when hard-faced are said fe hint 
nt, to reduce metal pickup; there _/TH es fe 
the is also much less need for - ©) WROD 
the adjustment. On the other (ee EE eS et 
ich hand, the cost per ton is a little i MEWS os 
his more than for cast guides, and ee ks ed 
wn they take up more room, so that Sa... . 
application to rolls of short i aes a ren, LL 
gs, barrel length may be difficult, ane, 
os although not impossible. Fig. 4—Roller entry-guide box with rack-and-pinion wedge adjustment 
for VERTICAL PRECISION 
un ROLLS a 
ost Three cases of the use, after 2 
ng the finishing stand, of a pair Ee =| 
re of vertical rolls, to true up the 
product, were encountered. 
rs In one 10-in. mill, a precision — — 
i” vertical stand had been fitted 3-h.p. motor Gear box 
nd about 15 years ago. It was 
Ts separately driven, equipped 
be with roller bearings, and set in pans ont 
ed tandem at 3-ft. centres to the 
ee horizontal finishing stand. It 
‘fe was difficult, however, with the 
electrical equipment available, 
i to synchronize the speeds of the | 
. horizontal and vertical stands, 
especially in the upper speed 
range, where the maximum | 
corresponded to 1540 ft./min. 
The stock tended to pull, and Bats 
although rounds were rolled to separating YF hose 
within 0-002-0-003 in., the piece 
mill had to be slowed down alan, 


considerably, causing loss of 
production. Eventually, the 
vertical stand was taken out 
and the rolling of precision 
rounds was abandoned in Adjusting screw 
favour of higher production of 
ordinary qualities. 

A similar stand was used 
after the bar finishing stand 
(No. 11) of the mill shown in 
Fig. 3. Here, however, the 
finishing speed was consider- PLAN VIEW 
ably lower, so that fine speed Fig. 5—Vertical precision rolls 
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square 
billet a 
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$q. in. mat | 
5°4 | 2%” u 
| 3¥%e” 
+ le Ti > , 
a oS 
ne R es Area, 
. : $q-in. 
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~~ He in aidan 2% 
0°60 6 dia Ie dia. 1°10 
— Naw 
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(L%, : » I 8, 
047 <= TEN iis ST = oon 
0°37 A “ie dia " "6 dia. <> 0-69 
164 
= 2 * Idle 
0:33 ee ie es ” 
fia Idle 
"276 ~~‘ 32 dia. 13 Ya” 
0-23 <> -is (4 * 7. <> ons 
020 <= & dia. 15 %” =< ona 
Yz-in. round * Vertical Y%y.-in. round 


Fig 6.—Oval-round pass design for }-in. and }-in. rounds 
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synchronization was not so essential. The vertical 
rolls were quite successful, and a product to within 
half the A.I.8.I. tolerances was being rolled. 

Slight inaccuracies in the entering oval and mill 
setting may cause a round to rotate slightly on leaving 
the horizontal stand, so that there is a danger of 
vertical precision rolls not carrying out any work on 
the scale break. Roller entry guides can reduce this 
effect by providing a more positive grip than cast 
guides, and it can also be minimized by setting the 
horizontal and vertical rolls very close together— 
even 3-ft. centres was considered too great by some 
operators. 

One ingenious method of achieving close spacing 
is shown in Fig. 5, where the vertical rolls are 
mounted directly on the rest bar, within a few 
inches of the horizontal rolls, and grip the bar 
before it can rotate appreciably. This device was 
installed in the high-production mill of Fig. 2, which 
was rolling up to 5000 tons/month of precision rounds 
of about 3 in. dia., in addition to its other products, 
with particular attention to accuracy. The vertical 
rolls were of alloy iron with necks mounted in water- 
lubricated fabric bearings, the whole being mounted 
in two small housings bolted to the rest bar. These 
were separated by a distance piece and fixed by screws 
pressing on to the housing post, as shown in the plan 
view. A light drive was provided from a 3-h.p. motor 
through a gear-box and vertical shafts, coupled to the 
rolls by a piece of flexible garden hose. This drive 
was merely to eliminate shock on entry to the vertical 
rolls, and so no accurate speed synchronization was 
necessary; consequently rounds of a very high quality 
could be rolled at speeds greater than 1000 ft./min. 

One difficulty with this arrangement was that the 
full body length of the horizontal rolls could not be 
utilized for precision-round passes, but there was no 
reason why passes for other sections could not have 
been cut in the rolls to use the remaining space. 


PASS DESIGN 

Reduction 

Diamond-square and oval-round were the two types 
of reduction being used, but only in the straightaway 
mills was the latter used for all passes. Figure 6 gives 
the dimensions for }-in. and 3-in. rounds at one such 
mill, where 15 stands were used to reduce a 2}-in. 
billet to a }-in. round. To offset the disadvantages 
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of a relatively slow reduction, it was claimed that an 
excellent product was obtained at a very high 
finishing speed. The maximum mill speed was 
2350 ft./min., although slower speeds were used for 
accurate products. 

With oval-round reduction, great care was necessary 
in the round passes throughout the mill train to 
ensure that the rounds were formed full and without 
flats on the sides. Otherwise, should the round turn 
up slightly before entering the next stand, a long- 
cornered oval would be formed. This would then roll 
into a high-shouldered round, and the defect would 
continue through several stands. 

A modified oval-round reduction was also used in 
the mill shown in Fig. 2. The first two passes were 
flat and octagon, followed by ovals and rounds as far 
as stand 8, where a square was rolled to facilitate 
repeating. Rounds from }j in. to { in. were finished 
at stand 10 using a 2}-in. billet. This reduction, 
mainly by the oval-round method, was carried out in 
ten stands by heavy drafting in the first, second, 
and eighth passes. The repeating was very interesting: 
the oval from No. 7 was twisted up on edge by a roller 
guide and passed through a long guide with parallel 
vertical sides to No. 8 stand. The square from No. 8 
was mechanically repeated into No. 9, and the oval 
from No. 9 was turned up by twist rollers before 
repeating into No. 10. 

A disadvantage of this type of reduction was un- 
satisfactory scale breaking, particularly in the rough- 
ing passes. It was considered that good results could 
not be obtained unless high-pressure water descaling 
was incorporated, and this apparatus was installed 
in all the straightaway mills. 

In one or two mills, two continuous furnaces were 
available, from which billets were discharged alter- 
nately. This led to some difficulty when discharge 
temperatures were different: a billet from one furnace 
might produce a good round, but the next billet, 
coming some degrees hotter from the other furnace, 
might under-fill, particularly in the strand pass, and 
produce an unsymmetrical square. This in turn would 
give a long-cornered oval and a high-shouldered round. 
This difficulty had been largely overcome in one semi- 
continuous mill by fitting both furnaces with tempera- 
ture-recording instruments and automatic control. 
The effect was the same as that due to pulling in 


Table V 


DIMENSIONS OF TYPICAL 


AMERICAN AND BRITISH LEADER OVALS 





























}-in. Round | j-in. Round | 1-in. Round | 1}-in. Round 
Mill 
w | d | w d | w d | w d 
| 
A 0-70 0.420 1-063 0-630 1-438 0-847 
ie oe 1-00 0-72 1-33 0-96 1-66 1-2 
aes Cc 1-063 0-671 1-375 0-908 1-687 1-14 
D 0-75 0-391 1-125 0-625 
A 1-40 0-906 
P B 0-75 0-375 1-375 0-875 
British = ¢ 0-795 0-412 1.38 0-926 
D 1-37 0-813 
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—--- Groove cut by first plug (true circle) 
q High points 


x Low points , 


Fig. 7—Three-plug finishing pass for rounds. Exagger- 
ated sketch showing method of construction 


continuous roughing trains, giving a bar with the ends 
thicker than the middle, and subsequent underfilling 
in the finishing train. 


Leader Ovals 

As in normal British practice, all leader ovals for 
rounds less than 2 in. dia. were of the single-radius 
type. Typical examples, chosen at random, are given 
in Table V, where w is the width of the pass, and d 
the overall thickness (including roll gap). They 
compare well with equivalent dimensions from British 
designs.* 

A plump oval with high d/w ratio was used, which, 
although assisting in the forming of a good round, 
made holding up in the guides very difficult. This 
fits in with the extensive use of roller entry guides. 


Finishing Pass 

In general, the finishing passes were cut by a single 
plug with 0-008-0-010-in. side relief, using a straight 
tool or a slightly larger plug (two-plug finishing pass). 
At three mills, of which two were rolling precision 
rounds, trouble had been experienced with high 
shoulders on the finished bar, and use was made of a 
three-plug finishing pass in which a final plug, smaller 
than nominal size, was used to skim out the bottom 
of the groove. The resulting finishing pass had low 
shoulders corresponding roughly to the points of 
maximum roll wear, so that increased tonnages could 
be rolled within tolerance before redressing. The third 
plug also corrected the tendency for grooves to be 
slightly elliptical, owing to the necessity for setting 
the cutting tools slightly below the roll centre to make 
a clean cut. 

A three-plug finishing pass is shown, greatly 
exaggerated, in Fig. 7. For a l-in. round in one 
particular mill, the first plug was 1-012 in. dia., 7.e., 





* The examples are taken from D. A. Winton, J. Iron 
Steel Inst., 1951, vol. 167, pp. 31-41. 
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the correct size plus 0-012 in. shrinkage allowance. 
The second plug, of 1-022 in. dia., was used to open 
out the sides, and taken in until it cut to about 30% 
of the depth of the hole. The third plug, of 1-002 
in. dia., was then used to skim out the bottom of the 
groove, giving the shape shown in Fig. 7. The finished 
product from such a pass had six high points, although 
the amount out of round was very small. 

These dimensions were calculated to suit the type 
of oval used and other factors, such as finishing 
temperature; the main purpose of the design seemed 
to lie in offsetting pass wear at the shoulders by 
making local high spots in the groove at these points. 
The position of these high spots would depend on the 
depth of cut of the second and third plugs. 

Accurate round production was always associated 
with careful turning practice for finishing passes. In 
one case, the procedure was to turn to within a few 
thousandths of an inch of the finished size, using a 
plug set about } in. or 3 in. below the roll centre, and 
then to finish with a freshly ground plug set as near as 
possible to the roll centre to ensure a truly round pass. 
It had been found difficult to centre a larger plug, so 
that the same tool was used to provide side relief, 
and then taken out of the lathe and used as a template 
to check the equality of relief at each side. The effects 
of a three-plug pass were obtained by using a final 
plug, 0-008 in. smaller in diameter, to skim out the 
bottom of the groove. 


CONCLUSIONS 

An attempt has been made to analyse the factors 
that enable some American mills to produce rounds 
of excellent quality. Uniform heating and con- 
tinuous production of large orders were important 
advantages, but much of the accuracy seemed to be 
due to careful practice and sound mechanical design. 
Good bearings were recognized as being essential, and 
the almost universal use of fabrics is indicative of 
their suitability. Roller bearings were rarely used, but 
the availability of good water supplies must have 
made fabrics a very attractive proposition. 

Roller entry guides ensured that the leader oval 
was adequately and firmly supported, and enabled a 
good plump oval to be used. 

The merits of different pass designs depended largely 
on the mill characteristics; in particular, the large 
number of passes required limited the oval-round 
method of production, with its advantages, to the 
straightaway mills with 15-18 stands. The three-plug 
finishing pass may not fully explain the quality of 
rounds produced at some mills, but the principle seems 
sound, and experiments on these lines could readily 
be carried out. 

The use of vertical precision rolls at a mill devoted 
entirely to small rounds, where much experience must 
have been gained, seems significant. The method of 
mounting on the rest bar seems to have many 
advantages. 
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Patronage of the Institute 


The Council are proud to announce that Her Majesty 
Queen Elizabeth II has been graciously pleased to become 
Patron of the Institute. 

The Institute was incorporated by Royal Charter in 
1899, and since 1902 the reigning monarchs have 
graciously consented to give their Patronage to the 
Institute. 





British Iron and Steel Research 
Association Papers 


At the request of the Council of the British Iron 
and Steel Research Association, papers submitted by 
the Association will no longer be segregated in a 
special section of the Journal. 

Beginning with the January 1953 issue of the 
Journal, all B.I.S.R.A. papers will in future be 
printed in the section or sections containing papers 
coming from other sources. The usual footnotes 
showing the origin and reference number of papers 
will be continued. 











Report on Corrosion of Buried Metals 


In December, 1951, a Symposium on the Corrosion 
of Buried Metals was held at The Iron and Steel Institute. 
The report on it, containing six papers and the sub- 
sequent discussion, has now been published by the 
Institute; it covers the corrosion of buried iron and steel 
pipes and ferrous and non-ferrous metals, and a section 
is devoted to cathodic protection. 

The Report, No. 45 in the Special Report Series, is 
fully illustrated, and is bound in cloth with stiff board 
covers. It can be obtained from the offices of the Institute 
at 15s. per copy, post free. 


Bibliography on Wire 

A bibliography on Wire, No. 13A in the Institute’s 
series, has been prepared by t!:e Library and Information 
Department. This bibliography continues Bibliography 
Series No. 13, and covers the period 1947 to (approx.) 
the end of 1951. It deals with the manufacture and 
utilization of both ferrous and non-ferrous wire, including 
references to the cold drawing of bars. A section on 
textbooks includes recent British Standard Specifica- 
tions on wire and wire products, as well as a number of 
books on wider aspects of the wire industry. 

Bound, stencilled copies (97 fep. pages) may be 
obtained from the Secretary, 4 Grosvenor Gardens, 
London, 8.W.1, price 25s. (15s. to Members). 

Also available are reprints of Bibliography Series No. 13 
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(covering the period up to 1946), price 10s. (7s. 6d. to 
Members). 


NEWS OF MEMBERS 


> Dr. J. L. Aston has left the County Technical College, 
Wednesbury, Staffs., to take up the appointment of 
Lecturer in Metallurgy at the Institute of Technology, 
Loughborough. 

> Mr. E. W. Brissy, formerly Melting-shop Manager of 
the Llanelly Steel Co. (1907) Ltd., has joined J. and J. 
Dyson Ltd., Stannington, Nr. Sheffield, as Technical 
Representative for Wales and the Western Counties. 

> Mr. P. A. BLACKWELL has taken up an appointment 
with Rolls-Royce Ltd., Derby. 

> Mr. A. DE S. Brasunas has left Oakridge National 
Laboratory, Tennessee, to take up an appointment in 
the Department of Chemical Engineering, University 
of Tennessee, U.S.A. 

> Dr. F. A. Fox has left H. J. Enthoven and Sons Ltd., 
London, and is now with the British Welding Research 
Association. 

> Mr. P. F. Grove has left John Miles and Partners 
(London), Ltd., to join McLellan and Partners, London. 
> Mr. R. A. Hacxine, O.B.E., has been appointed 
Director of Research of RTSC Laboratories, Aylesbury, 
joint Research Organization of Richard Thomas and 
Baldwins and the Steel Company of Wales. 

> Dr. J. B. Haworrs has left Murex Ltd., Rainham, 
Essex, to take up an appointment as Research Metal- 
lurgist with Sheepridge Engineering Ltd., Chesterfield. 

> Mr. J. H. Hunt ey, Director of Sir William Arrol and 
Co., Ltd., Glasgow, has been elected Chairman of the 
Company. 

> Mr. D. JAMIESON has left the Dominion Steel and Coal 
Corporation to join the Canadian Army Research and 
Development Establishment at Valcartier, Quebec. He 
is in charge of the Physical Test Section of the Establish- 
ment. 

> Mr. K. E. Jermy has left the Iron Making Division 
of the British Iron and Steel Research Association. He 
has been appointed to the Directorate staff at Central 
Research Establishment II of the National Coal Board 
at Isleworth, Middlesex. 

> Mr. K. V. Kituxxota has been awarded the M.S. 
degree from the Carnegie Institute of Technology, and 
is now continuing his studies at the Massachusetts 
Institute of Technology. 

> Mr. R. E. Lismer has left The United Steel Companies, 
Ltd., to take up an appointment as Surveyor of Metals 
to Lloyd’s Register of Shipping, Sheffield. 

> Miss M. MackENzIE has been awarded the degree of 
B.Se. in Metallurgy of Durham University. 

> Mr. D. G. OsBoRNE has obtained a Mutual Security 
Agency Award, and has gone to the United States of 
America for one year. He is now at Alfred University, 
New York. 
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> Mr. H. M. Orre has left Birmingham University to 
enter the Department of Metallurgical Engineering, Case 
Institute of Technology, Cleveland, Ohio, U.S.A. 

> Dr. W. SHEPHERD OWEN has left the Massachusetts 
Institute of Technology to return to his post in the 
University of Liverpool. 

> Mr. A. J. PuRNELL has left Gloucester and is now 
employed at the Roan Antelope Copper Mine, Luanshya, 
Northern Rhodesia. . 
> Mr. R. Rawutnes has left the Nelson Research 
Laboratories of English Electric Co., Ltd., Stafford, to 
become Lecturer in the Department of Metallurgy, 
University College, Cardiff. 

> Mr. J. A. SmiruH has left the English Electric Co., Ltd., 
Stafford, to take up an appointment at the Brown-Firth 
Research Laboratories, Sheffield. 

> Mr. W. D. WALKER has left the South African Bureau 
of Standards, Pretoria, to join the Heatmaster Manu- 
facturing Co., Ltd., Johannesburg. 

> Dr. A. J. Zuiruorr, formerly at the Nederlandse 
Staalfabrieken v/h J. M. de Muinck Keizer, Utrecht, has 
been appointed Professor of Metallurgy at the Technical 
University of Delft, Holland. 


Obituary 


Mr. Witur1AM E. Dosson, Managing Director of British 
Pigirons Ltd., London, on 22nd August, 1952. 


CONTRIBUTORS TO THE JOURNAL 
R. B. Sims, B.Sc., A.M.I.-Mech.E., A.Inst.P.—Head of 


the Rolling Mill Research Laboratories of the British Iron 
and Steel Research Association, Sheffield. Mr. Sims was 
born in 1920, and was educated: at St. Bonaventure’s 
School and at London University, where he graduated 
in Physics. After serving in the Meteorological Branch 
of the Royal Air Force from 1929 to 1946, he took an 
engineering training appointment with Messrs. Baker 
Perkins Ltd., Peterborough. Mr. Sims took up his 
present appointment late in 1948. 


R. Stewartson, M.A., A.M.I.Mech.E.—Head of the 
Rolling Mill Section of the Research and Development 
Department, United Steel Companies Ltd., Rotherham. 
Mr. Stewartson was educated at Stockton-on-Tees 
Secondary School, and in 1941 was awarded a State 
Scholarship to St. Catherine’s College, Cambridge, where 
he took the Mechanical Sciences Tripos in 1943. After 
leaving Cambridge he served an engineering apprentice- 
ship with C. A. Parsons and Co., Ltd., Newcastle-upon- 
Tyne, and later became Assistant Turbine Designer. 
Early in 1948 he joined the United Steel Companies Ltd., 
and was later awarded a Mond Nickel Fellowship which 
enabled him to spend ten months in the U.S.A. in 1950, 
studying rolling-mill design and practice. He took up 
his present appointment in 1951. 
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ANNOUNCEMENTS AND NEWS 


IRON AND STEEL ENGINEERS GROUP 


The Twentieth Meeting of the Group will be held at 
4 Grosvenor Gardens, London, S.W.1, on Thursday, 
11th December, 1952. A Buffet Luncheon will be held 
in the Library. 
The programme is as follows: 
9.30 A.M.—12.30 p.m.—Presentation and Joint Discussion 
of: 
** Experiences with the Escher Metallic Recuperator 
on High-Temperature Furnaces,” by H. Escher 
(Sept., 1951) 
* Trials of an Experimental Austeel-Escher Metallic 
Recuperator,” by J. B. Davis, W. Ernest, and 
H. Kay (Jan., 1951) 
“Heat Recovery in Industrial Furnaces,” by A. 
Clift and C. Knight (Nov., 1952) 
12.30-1.45 p.m.—Buffet Luncheon (Tickets 6s.) 
1.45-4.00 p.m.—Presentation and Discussion of: 
*“Some Factors Affecting the Operation and Per- 
formance of Open-Hearth Furnaces,” by D. F. 
Marshall (Novw., 1952) 


By arrangement with the Plant Engineering Panel of 
the British Iron and Steel Research Association, the 
Engineers Group will hold its Twenty-first Meeting on 
‘*Maintenance and Repair of Open-Hearth Furnaces,” 
in connection with the Iron and Steel Productivity 
Report. 

The meeting is to be held on Wednesday, 21st January, 
1953, at the Institution of Mechanical Engineers. There 
will be a Buffet Luncheon. 


BRITISH IRON AND STEEL RESEARCH 
ASSOCIATION 


39th Steelmaking Conference 


The 39th Steelmaking Conference, organized by the 
Steelmaking Division and held at Ashorne Hill on Ist 
and 2nd October, was devoted entirely to the presentation 
of the steelmaking aspects of the report of the Iron and 
Steel Productivity Team, which visited America in 1951. 
The Chair was taken by Dr. T. P. Colclough, with Mr. 
R. W. Evans as Vice-Chairman. 

Sir Charles Goodeve, F.R.S., leader of the Team, intro- 
duced those members of the Team who were present to 
the audience, and then outlined certain features of the 
report to provide a background for the more detailed 
presentations which were to follow. Mr. I. 8S. Scott- 
Maxwell, who was to have put forward the contentious 
recommendations on the size of British steelworks, was 
prevented, at the eleventh hour, from attending, and 
Sir Charles Goodeve acted for him. The discussion 
showed that the Team’s views on steelworks size were 
endorsed so far as high tonnage works were concerned, 
but it was pointed out that in many British works the 
range of orders was such that the use of much larger 
furnaces would mean a major rearrangement of trading 
practices. 

In the next session, Dr. D. F. Marshall described the 
main factors concerning fuel consumption and open- 
hearth furnace driving rate in America, and suggested 
possible changes in British practice (for instance, the 
use of rich fuels on the melting furnaces) to give lower 
fuel consumption and increased productivity. The 
numerous factors involved were vigorously discussed, 
particularly the much greater metallurgical load which 
characterizes open-hearth practice in Britain. If the 
metallurgical load could be made as low as that in 
America, then a further increase in productivity, esti- 
mated to be 10-30%, would result. It was urged that 


DECEMBER, 1952 





at 


Ys 
Id 


or 
er 
lic 
id 





ANNOUNCEMENTS AND NEWS 429 


efforts to reduce metallurgical load should be made, since 
even a partial move towards the raw-materials con- 
ditions obtaining in America would be worthwhile. 
Several speakers advocated a greater use of slag flushing 
practices and Duplex processes in this country. 

On the following morning, Mr. D. Kilby dealt very 
fully with the charging, melting, refining, tapping, and 
casting practices in American open-hearth plants, and 
gave the main facts about manning and costs. Later, 
he spoke on furnace availability and pin-pointed the 
practices that might be usefully applied in this country, 
including the design and layout of plants to facilitate 
greater use of mechanical handling equipment. Many 
useful points emerged during the discussions, an impor- 
tant one being that furnace repairs were greatly facili- 
tated by having large furnaces of uniform size and 
design throughout the melting shop. 

Many speakers expressed appreciation to the Team 
for the informative and very readable report they had 
written. Referring to the tabulated comparative data 
on open-hearth productivity in America and Great 
Britain in 1950, Dr. Leckie announced that corresponding 
figures had now been tabulated for the year 1951, and 
that such data would be prepared annually in future. 
Copies of notes on the 1951 tabulation were distributed. 
Sir Charles Goodeve said it was planned to issue com- 
parative productivity data for American practice at 
about three-yearly intervals. 


AFFILIATED LOCAL SOCIETIES 
Manchester Metallurgical Society 


At the suggestion of the Manchester Metallurgical 
Society, a joint meeting of that body with The Iron and 
Steel Institute will be held on January 7th, 1953, at 
the Engineers’ Club, Albert Square, Manchester, com- 
mencing at 6.30 p.m. Mr. H. H. Burton, C.B.E., of the 
English Steel Corporation, Ltd., will lecture on the 
manufacture of large forgings, including crankshafts 
made by the C.E.F. process. 


Cleveland Institution of Engineers 


The Cleveland Institution of Engineers has arranged 
a joint meeting with The Iron and Steel Institute to be 
held on Monday, 15th December, 1952. Mr. Arthur 
Dorman, Past-President of the Institute, will be in the 
Chair. Mr. G. Foster will present a paper on the Pro- 
ductivity Team’s impressions of American rolling mills. 
The meeting will be held in the Cleveland Scientific and 
Technical Institution, Corporation Road, Middlesbrough, 
at 6.30 P.M. 


Staffordshire Iron and Steel Institute 


The list of Officers for the Session 1952-53 is as 
follows: 
President 
W. REGAN, B.Sc. 


Vice-Presidents 


A. W. SHORE K. G. Lewis, M.Sce., M.Se.(Tech.) 


Hon. Secretary 
W. C. CHURCHWARD 


Members of Council 
G. PARKIN 
B. V. PETERS 
D. PHIMISTER 
W. WALKER, Ph.D., M.Sc. 
W. H. Wesson 
F. V. WRIGHT 


Hon. Treasurer 
G. E. Lunt 


W. ANGUS 

A. BIDDULPH 
J. A. DAVIES 
K. GoopcHILD 
R. H. JoHNson 
M. R. Lippiattr 
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Members of Council (Past-Presidents) 
K. H. Wricut J. E. Hurst, D.Met. 
G. R. BASHFORTH E. Marks, Ph.D., M.Sc.(Tech.) 
W. M. LarkKE, B.A. J.T. WriGcut 
The Secretary of the Associates’ Section is now Mr. G. 
Whittaker, 83 Victoria Rd., Bradmore, Wolverhampton. 


Swansea and District Metallurgical Society 


To commemorate the Coronation of Her Majesty, the 
Council of the Society offer two prizes (£5 5s. Od. and 
£2 2s. Od.) for the best two papers submitted by the 
younger members of the Society. 


EDUCATION 


Joint Committee on Metallurgical Education 

Since the publication in 1950 of its ‘* Recommendations 
on University Full-Time Degree Courses in Metallurgy,” 
the Joint Committee on Metallurgical Education has 
made a survey of the whole field of metallurgical educa- 
tion and training. The results of this survey have 
recently been published in a report entitled ** The Educa- 
tion and Training of Metallurgists.” 

The report covers the contemporary position of metal- 
lurgical education and training in universities and 
technical colleges. Particular reference is made to 
training schemes for technologists and technicians, and 
the Committee suggests a coherent scheme for examina- 
tions in metallurgy, with corporate membership of one 
of the professional metallurgical institutions as the 
ultimate goal of technological students. 

The Committee is of the opinion that the universities 
are the chief source of high-grade metallurgical techno- 
logists, and that employers should finance the attendance 
of suitable employees at post-graduate courses. For- 
mally established methods should be adopted for training 
graduates immediately they enter industry. Further 
provision for sandwich courses should be made, and 
teaching establishments and employers are recom- 
mended to instruct students and employees in the new 
humanities. The greater use of incentives towards the 
acquisition of education and training for operatives 
should be examined. 

The report contains six Appendices, which list those 
institutions in England, Wales, and Scotland that give 
full-time courses in metallurgy for day students and part- 
time courses to ordinary and higher National Certificate 
standard. 


United Steel Companies Ltd. 

Mr. D. R. O. Thomas, Chief Education Officer of The 
United Steel Companies Ltd., who is a member of the 
Secondary Schoo] Examinations Council, has recently 
been appointed by the Minister of Education to serve 
for three years on the Central Advisory Council for 
Education (England). Mr. Thomas is Chairman of the 
Joint Committee on Metallurgical Education, and is 
The Iron and Steel Institute’s representative on the 
Joint Committee for National Certificates in Metallurgy. 


NEWS OF SCIENCE AND INDUSTRY 


Fifth Liége International Fair 

The 5th Liége International Fair will be held from 
25th April to 10th May, 1953. Details may be obtained 
from Monsieur Paul M. Lejeune, Foire International de 
Liége, 17 boulevard d’Avroy, Liége, Belgium. 


Zine Development Association 


Mr. William Mure, C.B.E., Director of Amalgamated 
Metal Corporation Ltd., has been elected Chairman of 
the Council of the Zinc Development Association. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








430 


Canadian International Trade Fair 


The Sixth Canadian International Trade Fair, spon- 
sored by the Canadian Government, will be held at 
Exhibition Park, Toronto, from Ist to 12th June, 1953. 
Particulars may be obtained from the Canadian Govern- 
ment Exhibition Commission, Canada House, Trafalgar 
Square, London, S.W.1. 


60-ton Arc Furnace 


Samuel Fox and Co., Ltd., in association with The 
United Steel Companies, Ltd., are to instal in their 
Stocksbridge Works an are melting furnace of 60 tons 
nominal capacity. It will be used for producing high- 
quality ingots. The furnace, the largest to be manu- 
factured in Great Britain, is rated at 15,000 kVA. and 
is to be supplied by Birlec Ltd., Birmingham. 


Changes of Name and Address 


Messrs. P. FUNDER, of Copenhagen, will in future be 
known as P. Funder and Son. Their new offices are at 
19 Vester Farimagsgade, Copenhagen V; cable address 
and telephone number (Central 7) remain unchanged. 

GLAZEBROOKS Ltp., Tyseley, Birmingham, will in 
future be known as Permoglaze Ltd. There is no change 
in the name of the holding company, Glazebrooks 
(Holdings) Ltd. 

British Leap Mitrs Lrp. have removed to Byron 
House, 7, 8, & 9 St. James’s Street, London, 8.W.1. 
(Tel. No. WHItehall 5775). 

THE IRON AND STEEL COMPANY OF NEW ZEALAND 
Lrp. has removed to 1 Broad Street Place, London, 
E.C.2 (Tel. No. LONdon Wall 5457-8). 


DIARY 


lst Dec.—CLEVELAND INSTITUTION OF ENGINEERS— 
‘** History of Rolling of Broad Flange Beams at 
Cargo Fleet,’ by G. Barry Thomas—Cleveland 
Scientific and Technical Institution, Corporation 
Road, Middlesbrough, 6.30 P.M. 
1st Dec.—InstiITUTE oF British FouNnDRYMEN—“ The 
Manufacture and Use of Foundry Pig Iron,” by 
J. T. Gilmore—Sheffield College of Commerce and 
Technology, Department of Engineering, Pond 
Street, Sheffield 1, 7.30 P.m. 
Dec.—SHEFFIELD METALLURGICAL ASSOCIATION— 
** Some Practical Forging Aspects in the Production 
of Medium and Heavy Forgings,” by R. W. Brockle- 
hurst—Grand Hotel, Sheffield, 7.0 p.m. 
Dec.—INsTITUTE oF WELDING—“ Recent Develop- 
ments in Resistance Welding,” by H. E. Dixon— 
College of Technology, Manchester, 7.15 P.M. 
Dec.—InstituTE or METALS (Joint Meeting with 
the Institute of British Foundrymen, London 
Branch)—‘‘ Mould Reaction,’ by R. W. Ruddle— 
4 Grosvenor Gardens, London, 8.W.1, 7.0 P.m. 
Dec.—LeEEDS METALLURGICAL SocreTy—‘ Delayed 
Fracture in Metals under Static Load,” by P. Stables 
—Chemistry Department, The University, Leeds 2, 
7.0 P.M. 
Dec.—NeEwrport AND District METALLURGICAL 
Socrety—*‘ Metallurgy in Atomic Energy,” by H. M. 
Finniston—Whitehead Institute, Cardiff Road, New- 
port, 7.0 P.M. 
Dec.—InstITUTION OF MECHANICAL ENGINEERS— 
‘* An Experimental Investigation into the Redrawing 
of Cylindrical Shells,” by S. Y. Chung and H. W. 
Swift, and “ An Haperimental Investigation of the 
Yielding of Strip Between Smooth Dies,” by A. B. 
Watts and H. Ford—Storey’s Gate, St. James’s 
Park, London, 8.W.1, 5.30 p.m. 
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6th Dec.—SwansEa AND DistrRicr METALLURGICAL 

SocreTy—Discussion on the Iron and Steel Produc- 

tivity Report (Chapter 5)—Central Library, Swan- 

sea, 6.30 P.M. 

Dec.—Society or CuHeEmIcAL INDustTRY (Joint 

Meeting with Sheffield Metallurgical Association)— 

“The Corrosion Resistance of Stainless Steel,” by 

U. R. Evans—Grand Hotel, Sheffield, 6.45 p.m. 

Dec.— SHEFFIELD METALLURGICAL ASSOCIATION— 

**Ceramic-Metal Mixtures—Cermets,” by L. R. 

Barrett—Grand Hotel, Sheffield, 7.0 p.m. 

10th Dec.—Mancuester METALLURGICAL SOCIETY 
Discussion on ‘‘ Unusual Metal Failures ’’—Engi- 
neers’ Club, Albert Square, Manchester, 6.30 P.M. 

10th Dec.—NortuH Wares METALLURGICAL SocieTy— 
“* Gases in Steel,” by G. E. Speight—County Primary 
School, Plymouth Street, Shotton, Nr. Chester, 
7.15 P.M. 

11th Dec.—Ikon AnD STEEL ENGINEERS Group—20th 
Meeting—4 Grosvenor Gardens, London, 8.W.1. 

llth Dec. — LivErPoot METALLURGICAL Society — 
“ Friction and Lubrication,” by D. Tabor—Liver- 
pool Engineering Society, The Temple, Dale Street, 
Liverpool, 6.30 P.M. 

11th Dec.—-StTaFrorRDSHIRE IRON AND STEEL INSTITUTE 
(Associates’ Section) — ‘‘ Enamelling of Ferrous 
Metals,’ by A. Biddulph—Bilston College of Further 
Education, Bilston, 7.30 P.M. 

12th Dec.—Nortu East Coast INsTITUTION oF ENGI- 
NEERS AND SHIPBUILDERS—Andrew Laing Lecture: 
“The Application of Research to the Gas Turbine,” 
by H. Constant—Lecture Theatre, Literary and 
Philosophical Society, Newcastle-on-Tyne, 6.15 P.M. 

15th Dec.—CLEVELAND INSTITUTION OF ENGINEERS 
(Joint Meeting with The Iron and Steel Institute)- 
* Productivity Team’s Impressions of American 
Rolling Mills,” by G. Foster—Cleveland Scientific 


8th 


9th 


and Technical Institution, Corporation Road, 
Middlesbrough, 6.30 P.M. 
15th Dec.—SHEFFIELD Soctrty or ENGINEERS AND 


METALLURGISTS—Annual General Meeting—‘‘Mak- 
ing it Work,” by W. A. Tuplin—The University 
Building, St. George’s Square, Sheffield, 7.30 p.m. 

16th Dec.—LixcoLnsuirE [RON AND STEEL INstTITUTE— 
“The Post-War Activities of the Research and 
Development Department of The United Steel Com- 
panies Lid.,”” by J. H. Chesters—Wortley Hotel, 
Scunthorpe, 7.30 P.M. 

18th Dec.—StarrorDsHIRE IRON AND STEEL INSTITUTE 
—‘‘ Centrifugal Casting,” by L. Northeott—Star and 
Garter Hotel, Wolverhampton, 7.30 p.m. 


TRANSLATION SERVICE 


(The previous announcement was made in the Novem- 
ber, 1952, issue of the Journal, p. 342). 


TRANSLATIONS: AVAILABLE 

No. 456 (German). H. Werwacu: “ Use of Dolomite 
Bricks in the Electric Arc Furnace when Re- 
fining with Oxygen.” (Stahl und Eisen, 1952, 
vol. 72, Mar. 27, pp. 341-345). 

No. 457 (German). G. HartTLerr and H. Kornre.p: 
‘* Spectro-Analytical Rapid Determinations on 
Metallurgical Slags.”’ (Archiv fiir das Eisen- 
hiittenwesen, 1952, vol. 23, Mar./Apr., pp. 107- 
110). 

CHARGES FOR COPIES OF TRANSLATIONS—The charge 
for translations is £1 for the first copy and 10s. for each 
additional copy of the same translation. Requests should 
be accompanied by a remittance. These translations 
are not available on loan from the Joint Library. 
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ORES—MINING AND TREATMENT 


Hard Metal—The New Rock Drilling Medium. L. S. Cole. 
(Optima, 1952, 2, June, 20-22). 

Modern Equipment for the Lifting and Transport of Ship’s 
Cargoes. A. Mathieu. (Acero y Energia, 1952, 9, Jan.—Feb., 
33-40). [In Spanish]. 

Influence of the “ Largest Piece’ in Quartering Samples 
and of Residues in the Mill on Sampling Accuracy. H. Jahns. 
(Glickauf, 1952, 88, July, 684-688). The question of the 
dependence of the size of a representative sample of ore on 
the size of the largest lumps, and the problem of sampling 
errors introduced by taking ground samples of mixtures, such 
as lime and iron ore, after passage through a cleaned system 
of mills, are discussed. Errors in sampling arise through the 
preference of some components of the mixture, such as moist 
lime, to deposit in comparatively large quantities in the 
apparatus which is thus effectively extracting part of this 
component from mixtures passing through the cleaned equip- 
ment. Subsequent samples show decreasing errors owing to 
the saturation of the apparatus with the impurity.—P. F. 

Symposium on Mineral Dressing. (Institution of Mining 
and Metallurgy, Sept. 23-25, 1952). The following papers 
were prepared for this symposium, held at the Imperial 
College of Science and Technology, London: 

The Relation of Crystal Lattice Discontinuities to Mineral 
Dressing. A. J. E. Welch. (Paper No. 1). 

s Mathematics of Crushing and Grinding. F. C. Bond. 

o. 2). 

A Method of Assessing the Grinding Efficiency of Industrial 
Equipment. W. F. Carey and C. J. Stairmand. (Paper No. 3). 

Purpose in Fine Sizing and Comparison of Methods. E. J. 
Pryor, H. N. Blyth, and A. Eldridge. (Paper No. 5). 

Fundamental Principles of Sub-Sieve Particle-Size Measure- 
ment. H. Heywood. (Paper No. 6). 

The Technique of Particle Size Analysis in the Sub-Sieve 
Range. G. L. Fairs. (Paper No. 7). 

Release Analysis, A New Tool for Ore Dressing Research. 
C. C. Dell. (Paper No. 8). 

Defining the Scope of the Open Circuit Rod-Mill in Com- 
minution. J. F. Myers. (Paper No. 9). 

Recent Developments in Classification and Fluidization as 
Applications of the Principles of Particle Dynamics. J. V. N. 
Dorr and F. L. Bosqui. (Paper No. 10). 

Crushing and Screening in Mineral Dressing Plants. G. J. 


(Paper 


Major Alterations in Heavy Media Separation Practice 
During Recent Years. K. A. Fern. (Paper No. 13). 

The Heavy-Media Plant at Stripa Mine, Sweden. S. Dal- 
hammar and P. H. Fahlstrém. (Paper No. 15). 

Concentration of Eluvial or Co-Eluvial Deposits in Arid 
Areas. E. A. Knapp and C. T. Sweet. (Paper No. 20). 

The Surface Chemistry of Flotation. N. Arbiter. (Paper 
No. 21). 

Selective Flotation of Metals and Minerals. 
and T. D. Smith. (Paper No. 22). 

The Process of Bubble-Mineral Attachment. 
and W. E. Ewers. (Paper No. 23). 

Flotation Frothers, Their Action, Composition, Properties 
and Structure. S. A. Wrobel. (Paper No. 25). 

Radioactive Isotopes in Mineral Dressing Research, with 
Particular Reference to Flotation. J. 8S. Carr. (Paper No. 26). 

The Application of Electrochemical Methods to Flotation 
Research. S. G. Salamy and J. C. Nixon. (Paper No. 27). 

The Development of Milling Technique at the Boliden 
Mining Company. P. G. Kihlstedt. (Paper No. 29). 

Magnetic Separation Applied to Mineral Dressing. T. G. 
Hawker. (Paper No. 31). 

Electrostatic Separation. S. B. Hudson. (Paper No. 32). 

Photometric Separation of Ores in Lump Form. P. C. 
Newman and O. F. Whelan. (Paper No. 33). 

Investigations of the Possibility of Applying the Float and 
Sink Process to the Preparation of Siegerland Spathic Iron Ore. 
H. Gleichmann. (Z. Erz. u. Metall., 1952, 5, Jan., 1-8). 
The trials which are described showed that there were good 
technical possibilities of using the above process for spathic 
ores in the size range from 100 to 0-25 mm. The construction 
of a larger plant to examine the commercial aspects is recom- 
mended.—R. A. R. 

High Quality Sinter from Lean Iron Ores. D. W. Gillings. 
(Blast Furn. Steel Plant, 1952, 40, June, 663-671). The 
practice of sintering British home ores and of the results of 
work by the British Iron and Steel Research Association on 
this are reviewed.—B. G. B. 

Study in Flotation Frothing—Surface Tension: Air Solution. 
S. A. Wrobel. (Bull. Inst. Min. Met., 1952, Aug., 505-517). 
An apparatus and the technique for determining surface 
tensions of frother solutions are described.—R. A. R. 


FUEL— PREPARATION, PROPERTIES, AND USES 


J. H. Schulman 


bad 


Evans 


Brown. (Paper No. 11). Flame Radiation Research at Ijmuiden. (Engineer, 1952, 
Recent Developments in Gravity Concentration. F. B. 194, June 20, 822-824). International Flame Radiation Trials. 

Mitchell. (Paper No. 12). (Brit. Steelmaker, 1952, 18, July, 346-350). The object of 
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the experiments is to elucidate the mechanism of luminous 
flame radiation. It has not been possible to establish similarity 
laws affecting flame dimensions, and the work is being under- 
taken on a relatively large-scale furnace. The experiments 
with oil fuel are completed and are summarized with con- 
clusions. Considerations affecting the design of burners are 
stated.—mM. D. J. B. 

Mode of Energy Release in Combustion of Carbon. J. R. 
Arthur and J. A. Bleach. (Indust. Eng. Chem., 1952, 44, 
May, 1028-1034). Carbon particles were burned in the 
temperature range 800° to 1000° C., and at pressures between 
2 and 76 cm. Hg. Particular attention was paid to the con- 
ditions under which a blue glow was observed around the 
carbon particle. The glow is associated with the secondary 
oxidation of CO, and its presence or absence gives information 
about dissipation of the heat of this reaction.—c. J. B. F. 

Supervisory Instruments for Power-Generating Equipment.— 
4 and Interpretation of Records. E. Y. Stewart and 

H. Reynolds, jun. (Trans. Amer. Soc. Mech. Eng., 1952, 
+ Feb., 187-199). 

An Economic Study of Fuels in Manufacturing. W. H. 
Voskuil. (Illinois Univ. Eng. Exper. Sta. Circular 63). Various 
fuels are converted into equivalent electricity and the con- 
sumption of fuels by industries in U.S.A. is tabulated. The 
latter half deals with fuel used in the iron and steel industries, 
in which the fuel costs are outstanding.—E. T. L. 

Distribution of Heat-Transfer. Coefficients around Circular 
Cylinders in Crossflow at Reynolds Numbers from 20-500. 
E. R. G. Eckert and E. Soehngen. (Trans. Amer. Soc. Mech. 
Eng., 1952, 74, Apr., 343-347). 

Heat Transfer to the Charge in Industrial Furnaces. T. 
Senkara. (Hutnik, 1952, 19, 5, 159-168). [In Polish]. Mech- 
anism of heat transfer in furnaces is pes Rory The radiation 
of solids, gases, and luminous flames is briefly described. 
The possibilities of increasing the heat-transfer coefficient by 
intermittent carburetting of the fuel gas is discussed.—v. G. 

An Introduction to Coal Washability. J. W. Whitaker and 
G. G. Sarkar. (Trans. Indian Inst. Met., 1950, 4, 125-151). 
The problem of coal washing in India is discussed and the 
possibilities of reducing the ash content of coking coal to 
15-17% are considered.—D. H. 

Oily Collectors in Coal Flotation. R. M. Horsley. (Trans. 
Inst. Min. Eng., 1952, 111, Aug., 886-900). Contact angle 
and flotation experiments have been applied to an investiga- 
tion of the action of oily collectors in the froth-flotation of 
coal. The results showed that the natural floatability of several 
coals is greatly enhanced by the addition of a collector of 
an oily nature.—R. A. R. 

Heavy Media Separation Reduces Ash Content of Coal. 
(Chem. Eng. Min. Rev., 1952, 44, May 10, 289-291). A coal 
beneficiation plant with a capacity of 330 tons/hr. at the 
Commonwealth Colliery, New South Wales, is described. 

Margam Coking Plant. (Coke Gas, 1952, 14, May, 153-158; 
June, 189-193). This is a descriptive article, amply illustrated, 
of the Simon-Carves coke-oven and by-product plant at the 
Abbey Works of the Steel Co. of Wales.—t. E. D. 

The Relation of a Colliery Coke Oven Plant to an Industrial 
District. R. J. Barritt. (Min. Elect. Mech. Eng., 1952, 38, 
July, 19-25). 

Mechanically Recording Dilatometer for the Physicothermal 
Study of Coals. E. Joumier and L. Millereux. (Compt. Rend., 
1952, 284, May 26, 2277-2279). Cylindrical samples may be 
tested under varying conditions of load, atmosphere, and 
heating rate. Curves are given illustrating the use of the 
apparatus for: (a) The Audibert-Ami test up to 1000° C.; and 
(b) the contraction of semi-coke during progressively higher 
thermal cycles or under isothermal conditions.—a. G. 

Atomisation of Fuel Sprays. E. Griffen. (Engineering, 1952, 
174, July 4, 6-10). After briefly discussing the origins and 
development of fuel atomization, the author considers the 
mechanism of the disintegration ‘of a jet of liquid for low, 
medium, and high velocities.—m. D. J. B. 

Kinetics of Carbon Gasification by Steam. G. E. Goring, 
G. P. Curran, R. P. Tarbox, and E. Gorin. (Indust. Eng. 
Chem., 1952, 44, May, 1051-1065). Part I reports on a 
determination of the effect on a low-temperature char of 
various pretreatment times (0 to 24 hr.) in nitrogen at 1600° F. 
The integral gasification rate by steam or CO, at 1600° F. 
and. 1 atm. was used as an index of reactivity. The effect 
was found to be appreciable. Part II concerns a study of the 
effects of three independent variables on gasification rates 
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in the char-steam system at 1600° F. These variables are: 
(1) Carbon gasified: 0 to 50%; (2) total pressure: 1 to 30 atm.; 
(3) gas composition: H,/H,O ratios varied from 0-1 to 1-0. 
From these data basic information is derived on the mechanism 
of the char-steam reaction.— C. J. B. F. 

Catalytic Reverse Shift Reaction. L. W. Barkley, T. E. 
Corrigan, H. W. Wainwright, and A. E. Sands. (Indust. Eng. 
Chem., 1952, 44, May, 1066-1071). A study was made of the 
feasibility of adjusting the ratio of hydrogen to carbon 
monoxide in synthesis gas with the reverse shift reaction 
CO,(g) + H,(g) = CO(g) + H,O(g), using the standard shift 
reaction catalyst. The kinetics of the reaction were studied. 

Gasification of Solid Fuels at Elevated Pressures. W. Gumz. 
(Indust. Eng. Chem., 1952, 44, May, 1071-1074). It is suggested 
that the gasification of solid fuels under pressures of 20 to 
30 atm. offers advantages in high capacity and high fuel rates, 
low oxygen consumption, and decrease in cost of labour and 
gas produced. The effect of pressure on gas composition, 
pressure drop in the fuel bed, and terminal velocity of 
suspended particles is calculated and compared with 
experimental data.—c. J. B. F. 

Gasification of Pulverized Coal with Oxygen and Steam in 
a Vortex Reactor. M. A. Elliott, H. Perry, J. Jonakin, R. C. 
Corey, and M. L. Khullar. (Indust. Eng. Chem., 1952, 44, 
May, 1074-1082). The gasification of pulverized bituminous 
coal with oxygen and steam in a vortex reactor has been 
studied. The effect of the ratio of oxygen to coal and depth 
of reactor on carbon conversion and production of carbon 
monoxide plus hydrogen per pound of coal is discussed in 
detail.—c. J. B. F. 

Powdered-Coal Gasification. J. J. S. Sebastian. (Indust. 
Eng. Chem., 1952, 44, May, 1175-1184). Some preliminary 
results obtained from a laboratory scale pilot plant gasifier 
are presented. These have served as a useful guide to operating 
conditions for much larger pilot plant gasifiers. The apparatus 
used is described, and the effects of composition and physical 
properties of coal, particle size of coal, coal throughput, 
addition of lime to coal, and ratios of oxygen and steam to 
coal, are evaluated and discussed.—c. J. B. F. 


TEMPERATURE MEASUREMENT AND CONTROL 


The Quick-Immersion Thermocouple for Liquid Steel. J. D. 
Cresswell, H. Herne, and D. Manterfield. (J. Iron Steel Inst., 
1952, 172, Dec., 387-402). [This issue]. 

Routine Calibration of Precious-Metal Thermocouples at the 
Palladium Point. E. G. Knowles and R. C. Jewell. (J. Iron 
Steel Inst., 1952, 172, Dec., 409-412). [This issue]. 

Thermocouple Thermal Error. J. W. Rizika and W. M. 
Rohsenow. (Indust. Eng. Chem., 1952, 44, May, 1168-1171). 
On the basis of certain assumptions, an analysis is made of 
the thermal errors in thermocouples when measuring fluid 
temperatures. From this analysis the thermal error can be 
estimated in order to obtain a closer evaluation of the tem- 
perature of the fluid.—c. J. B. F. 

On the Response of Barrier Layer Photocells. G. Blet. 
(Compt. Rend., 1952, 284, May 26, 2187-2189). A mathe- 
matical study enables the complex collection of response 
curves of barrier cells to be reduced to one. Excellent agree- 
ment with practice is reported for all values of charge resis- 
tance and for luminosities between 1 and 100,000 lux.—a. Gc. 


REFRACTORY MATERIALS 


Reactions of Artificial Graphite. E. A. Gulbransen and 
K. F. Andrew. (Indust. Eng. Chem., 1952, 44, May, 1034- 
1051). A systematic study has been made of the chemical 
reaction of pure artificial graphite with oxygen at tempera- 
tures of 425° to 575° C., and at pressures of 0-15 to 9-8 cm. 
Hg of oxygen, and with CO, at temperatures of 500° to 
900° C. and 7-6 em. Hg of CO. The nature of the resulting 
surface oxides has been investigated. The oxidation data 
are correlated with the fundamental postulates of the activated 
state theory of chemical reactions on surfaces.—c. J. B. F. 

Refractories for the Basic Open-Hearth Furnace and 
Auxiliary Equipment. E. B. Snyder. (Amer. Iron Steel Inst.: 
Blast Furn. Steel Plant, 1952, 40, June, 651-656). A review 
of the use of different refractories in open-hearth furnaces is 
presented. Refractories being relatively cheap, should be 
effectively used rather than saved because increased pro- 
duction will soon pay for increased consumption. The use 
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of refractories in flues, checker chambers, fantail arches, doors, 
and the furnace itself is discussed, and the refractory linings 
used in hot metal mixers, transfer ladles, and steel ladles are 
also considered. Modern refractory practice is reviewed and 
some problems which require solution are reported.—B. G. B. 

Castable Outer Linings for Indirect-Arc Furnaces. C. V. 
Kilburn and R. W. Knauft. (Amer. Foundryman, 1951, 20, 
Dec., 34-37). This is a description of a new procedure for 
installing castable refractories in the outer insulating linings 
of indirect-arc electric furnaces of 350, 500, and 700 lb. 
capacity.—. T. L. 

Heat Insulation. J. D. Blakeley. (Steam Eng., 1951, 21, 
Dec., 111-114; 1952, Jan., 151-156; Feb., 191-194; Mar., 
223-225; Apr., 269-272; June, 337-339). The author explains 
the present state of knowledge of the science of thermal 
insulation and indicates how best to use the materials which 
are available with a view to improving the efficiency of steam- 
raising plant.—R. A. R. 


BLAST-FURNACE PRACTICE AND 
PRODUCTION OF PIG IRON 


Possibilities of Iron and Steel Making in India without Coking 
Coal. H. Schrader and D. Jagat Ram. (Trans. Indian Inst. 
Met., 1950, 4, 81-112). The possibilities of adopting under 
Indian conditions the large-scale production of iron, without 
resorting to coking coal, are examined. The Krupp-Renn 
process, basic pig-iron smelting in rotary kilns, and the ore- 
coal briquette smelting method are dealt with.—p. H. 

Low Shaft Blast Furnace Research. (Chem. Age, 1952, 66, 
June 7, 869-870). <A brief account is given of the Inter- 
national Low-Shaft Blast Furnace Project, and the experi- 
mental plant at Liége.—r. E. D. 

Some Information Regarding the Effects of High Alumina 
Contents of Blast-Furnace Slags. H. Schrader. (Trans. Indian 
Inst. Met., 1950, 4, 25-63). The main effect of increasing the 
alumina content of the slag to 30° is to increase the viscosity: 
this decreases its desulphurizing power, particularly at low 
temperatures. The increase of viscosity is greater in acid than 
in basic slags, and is caused by the occurrence of anorthite 
in the acid range and gehlerite in the basic range. Fluctuations 
in desulphurization by high-alumina slags can be overcome 
to some extent by: (a) Limiting the alumina content to 
24%; (b) increasing the operating temperature; and (c) 
replacing some limestone with dolomite to obtain at least 
10°, MgO in the slag.—p. H. 

Decomposition of Carbon Monoxide in Presence of Iron, 
Cobalt and Nickel as Catalysts. W. Baukloh, B. Chatte rjee, 
and P. P. Das. (Trans. Indian Inst. Met., 1950, 4, 271-278). 
The maximum decomposition of carbon monoxide takes place 
at 550°, 700°, and 350° C., respectively, in the presence of 
iron, cobalt, and nickel as catalysts. The rate of the de- 
composition reaction increases with time up to about 1 hr. 
and then decreases. The decrease in the activity of the 
catalyst with time seems to be due to the formation of increas- 
ing amounts of carbide, having much lower activity compared 
with the metal. The decomposition of the carbide with 
hydrogen restores the activity of the catalyst. Heating in 
an atmosphere of hydrogen diminishes the catalytic activity 
of the metal owing to a sintering process. The presence of 
carbon decreases the sintering tendency of the metal.—p. H. 

Reduction Equilibria of Iron Oxides. II— Measurement of 
the Equilibrium of the Reaction FeO(l) + CO = Fe(l) ++ CO,. 
K. Sanbongi. (Sct. Rep. Res. Inst. Téhoku Univ., 1951, 3A, 
Apr., 194-200). From measurements of the equilibr ium of 
the reaction FeO(l) + CO = Fe(l) + CO, in the range 1530- 
1670° C. the author obtained the function logKco-co, = 
log(Pu,o/Pu,) = (4°159/7) — 3-24. From this, and from the 
equilibrium constant of the water—gas reaction, the equilibrium 
constant of the reaction FeO(l) + H, = Fe(l) + H,O was 
calculated together with the temperature function log 
Ku,-1,0 = log(Pu,o/Pu,) = (2-757/T) — 1-89. The dis- 
sociation pressure of molten FeO was calculated and the 
temperature function of Po,: logPo,* = (— 17,908/7') +- 
7°41.—J. @. w. 


TREATMENT AND USE OF SLAG 


Research on the Glass Content of Tempered Blast-Furnace 
Slags. R. Beige and E. Gregorio. (Ricerca Scientifica, 1951, 
21, Dec., 2152-2165). [In Italian]. The authors examine the 
glass content i in blast-furnace slags by microscopical investiga- 
tion, colour investigations in Wood’s light, differential thermal 
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analysis, and measurement of the heat of devitrification. The 
results suggest that discrimination between slags by glass 
content is only approximate, especially where materials differ 
in their composition and treatment. With ordinary slags, 
low in alkali, the reheat curves show only one exothermal 
effect. After crystallization the slag structure is melilitic. 

Manufacture and Use of High-Strength Foamed Slag. R. 
Kley. (Stahl u. Eisen, 1952, 72, Apr. 24, 500-502). The 
methods of manufacture of strong-grained foamed slag and 
its use and advantages for the making of building materials 
are described.—1J. P. 

Citrate-Insoluble Residue from an Ammoniated Super- 
phosphate. W. J. Hecht, jun., E. A. Worthington, E. D. 
Crittenden, and M. A. Northrup. (Indust. Eng. Chem., 1952, 
44, May, 1119-1123). An X-ray diffraction study has been 
made of the ammonium-citrate-insoluble residue from an 
ammoniated superphosphate. This is the fraction of the 
ammoniated superphosphate containing the P,O,; rated 
unavailable to plants by the Association of Official Agri- 
cultural Chemists.—c. J. B. F. 


PRODUCTION OF STEEL 

The Abbey be of ~ Steel Company of Wales. (Engin- 
eering, 1952, 178, Jan. 4, 1-4; Jan. 11, 40-42; Feb. 1, 129 
131). The Works of the Steel Company of Wales. (Lngineer, 
1951, 192. Nov. 2. 554 556; Nov. 9, 583-585; Nov. 16, 620 
621; Nov. 23, 649-652; Nov. 30, 690-691; Dec. 7, 721-722; 
Dec. 14, 756-759; Blast Furn. Steel Plant, 1952, 40, Aue. 
421-428; May, 525-530; June, 680-682, 709, 714, 715). 
Comprehensive accounts are given of the general layout, 
buildings, plant, machinery, and equipment of the above 
steelworks.—R. A. R. 

Centralised Maintenance at the Works of Messrs. Steel, 
Peech, and Tozer, Rotherham. (Engineering, 1952, 178. 
June 20, 765-767; June 27, 805-807). Much of the article is 
devoted to the new Rotherham melting shop, comprising 
seven 60-65-ton producer-gas-fired furnaces for acid or basic 
steel and capable of casting ingots up to 65 tons. Technical 
information is given on the plant layout. An improved 
system of planned maintenance especially devised to reduce 
breakdowns is discussed in detail.—m. D. J. B. 





Corrigenda 
In the two abstracts ‘ Are Furnace Capacity’ and 
“Wax Emulsions Effective as Drawing Lubricants’ 
which appeared on pp. 166 and 173, respectively, in the 
February 1952 issue of the Journal, the date of Steel 
should read July 30. 








Productivity Team Report—lIron and Steel. (Anglo-American 
Council on Productivity, 1952, June, 1-147). A comprehensive 
report on all aspects of iron and steel production, from raw 
materials to finished products, is presented by a team, the 
members of which were from supervisory, technical, and 
workshop levels. Comparisons of conditions in the U.K. 
and the U.S.A. are made with respect to plant, methods, 
management, labour, and training.—r. F. D. 

The Role of Quality Control in the Production of Special 
Steels. O. Mirt. (Betrieb u. Fertigung, 1952, 6, May, 89-99). 
The part played by the laboratories of the Kapfenberg works 
of Gebr. Béhler u. Co. in producing steels with special proper- 
ties is described.—n. R. M. 

Basis for Calculating the Charge for Making Ordinary Steels 
in Basic Open-Hearth Furnaces. P. Krynicki. (Assoc. Brasil. 
Met. Bol., 1951, 7, Oct., 471-493). [In Portuguese]. The 
author gives the conditions of normal heats from the theoreti- 
cal, practical, and economic points of view as well as the 
calculations for the pig/scrap ratio. He calculates the total 
quantity of oxygen per heat, the composition of normal slag, 
and presents a balance of the materials charged and in the 
bath. The advantage of using lime instead of limestone is 
discussed.—R. s. 

Open-Hearth oa F. Prochiska. (Hutnické Listy, 
1952, 7, Jan., 7-15). [In Czech]. The preparation and repair 
of open-hearth furnace bottoms are age yea —P. F. 

Phosphorus, Enemy of Quality Steels. J. Trapl. (Hutnik, 
(Prague), 1952, 2, 5, 110-113). [In Czech]. The chemistry 
of phosphorus in steelmaking is considered. Control of 
phosphorus content, solubility of phosphorus in the liquid 
steel and in the slag, its reactions with FeO and MnO, and 
its reactions with lime are dealt with.—p. F. 
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Making Steel for Transformer Sheets. M. Stankiewicz. 
(Hutnik, 1952, 19, 4, 124-127). [In Polish]. A method of 
working steel heats for transformer sheets (chemical composi- 
tion: C 0:04-0-06%, Si 3-8-4-5%, Mn max. 0-15%, P max. 
0-015%, S max. 0-010%) in an electric basic furnace is 
described. The influences of the composition of the ferrosilicon 
and of deoxidation with aluminium on steel quality are 
briefly discussed.—v. «a. 

Activity of Sulphur in Liquid Iron and Steel. C. W. Sherman 
and J. Chipman. (T7'rans. Amer. Inst. Min. Met. Eng.: J. Met., 
1952, 4, June, 597-602). The authors have investigated the 
chemical behaviour of sulphur in liquid iron at 1600° C. from 
a study of the equilibrium between sulphur in the melt and 
atmospheres containing hydrogen and H,S. It is shown that 
the activity coefficient of sulphur is increased by phosphorus, 
carbon, aluminium, and silicon (named in order of increasing 
effect), and decreased by copper and manganese, the latter 
having the larger effect. A semi-empirical method of determin- 
ing this coefficient in complex solutions of four or more 
components is devised and tested against extensive data on 
solutions of this kind. The coefficient in iron of typical blast- 
furnace composition is about 5-4 to 6-3, and increases with 
increasing silicon.—c. F. 

Solid Solubility of Sulphur in Iron. T. Rosenqvist and B. L. 
Dunicz. (Trans. Amer. Inst. Min. Met. Eng.: J. Met., 1952, 
4, June, 604-608). The authors have made a systematic 
study of the extent of solid solubility of sulphur in iron and 
its variation with temperature, basing the work on measure- 
ments of the chemical activity of sulphur in the solid solution 
in equilibrium with a mixture of hydrogen and H,S. From 
the results, a phase diagram for the low-sulphur region of the 
iron-sulphur system is put forward, and the possible effects 
of alloying elements are discussed.—6. F. 

Rapid Determination of the Basicity of Open-Hearth Slags 
by Examination in Reflected Light. S. Visvanathan and R. 
Muthuswamy. (Trans. Indian Inst. Met., 1950, 4, 65-80). 
A review is presented of methods for the rapid determination 
of slag basicity. An account of the genesis of the micro- 
structure of open-hearth slags as revealed by petrographic 
examination is given and the estimation of slag basicity by 
following the charges in the microstructure of a slag during 
a heat by examination of slag samples by reflected light is 
described.—». H. : 

Dicalcium Ferrite and Ternary Solid Solutions in CaQ-Al,0,— 
Fe.0, Systems. V. Cirilliand A. Burdese. (Ricerca Scientifica, 
1951, 21, July, 1185-1191). [In Italian]. The authors deter- 
mine the dimensions of a unit dicalcium ferrite cell (a = 5-32 
A.; b = 14-63A.;c = 5-58 A.) by means of a rotating crystal 
and Weissemberg diagrams. The cell contains four molecules 
of 2CaO.Fe,0;. The probable space group is Vp** (Imma), 
similar to that determined by Biisseur for brown millerite. 

Notes on the Lime—Alumina Binary System. C. Goria and 
A. Burdese. (Ricerca Scientifica, 1951, 21, Sept., 1613-1622). 
{In Italian]. This paper describes X-ray research made on 
monocrystals of CaO.2Al,0,; produced by an aluminous 
cement. The authors determine rotating crystal and Weissem- 
berg diagrams and establish that the probable space group 
of the monocalcic dialuminate is C°2H(C2/c) with the following 
lattice constants: ag = 12-95; bp = 8-83; co = 5-42; B= 
107° 50’. With synthetically prepared monocalcic dialuminate 
obtained through melting the constants are: a) = 12-85; 
bo = 8-83; co = 5-42; B = 107° 50’. The slight difference 
between the two results is attributed to small quantities of 
extraneous oxides (TiO,, Fe,Og) in solid solution.—m. D. J. B. 

On the Viscosities of Molten Slags. I.—Viscosities of CaO- 
Si0.-Al.O, Slags. T. Sait6 and Y. Kawai. (Sci. Rep. Res. 
Inst. Téhoku Univ., 1951, 8A, Aug., 491-501). Synthetic 
CaO-SiO,-Al,O, slags were melted by high-frequency 
induction in a graphite crucible and their viscosities were 
determined from the speed of rotation of a graphite rod. 


FOUNDRY PRACTICE 
Methods Employed in the Production of Heavy Iron Castings. 


J. Richardson and C. F. Lawson. (Inst. British Foundrymen 
Preprint 1029, June, 1952: Foundry Trade J., 1952, 98, 
Aug. 14, 173-179; Aug. 21, 207-215). Production of Heavy 
Iron Castings. J. Richardson and C. F. Lawson. (Machinery 
Market, 1952, July 18, 23-24, 26; July 25, 715-716). Tech- 
niques employed in the moulding, pouring, feeding, and 
control of heavy castings, such as roll housings for steelworks, 
are described.—R. A. R. 
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Manufacture of High-Quality Castings at an Economic Price. 
J. J. Dewez. (Inst. British Foundrymen Preprint 1030, June, 
1952: Foundry Trade J., 1952, 92, July 10, 33-37; July 17, 
77-80). The author makes several recommendations: The 
designer must think in terms of the ease of casting; rough 
machining should be done at the foundry; all details of 
founding should be controlled and recorded by a methods 
department; and testing must be thorough. He then discusses 
the items that must be considered in estimating the cost of 
a casting.—. T. L. 

What the Successful Melting of Cast Iron Depends on. 
A. Vetiska. (Hutnik (Prague), 1952, 2, 5, 113-115). [In 
Czech]. The principles of cupola blast control by means of 
pitot tubes, and the control of charge composition are 
discussed.—P. F. 

Process Control of Cast Iron for Vitreous Enamelling. J. 
Bernstein. (Foundry Trade J., 1952, 92, July 10, 49-54). 

Quality Control Program for a Steel Jobbing Foundry. H. H. 
Fairfield. (Amer. Foundryman, 1952, 21, Apr., 135-137). 
The method of quality control described comprises the tabu- 
lation of data, its analysis to give statistical quality control 
charts, and the erection of notices to inform the melters of 
the ratio of perfect to defective heats, with an explanation 
of failure.—k. T. L. 

Probable Trends in British Steelfoundry Practice. F. 
Coy ans. (Inst. British Foundrymen Preprint 1031, June, 
1952: Foundry Trade J., 1952, 92, June 26, 685-688). The 
author predicts an increasing use of the oxygen lance in 
electric melting to save power, also that more and larger 
transformers will be installed. Swinging roofs to facilitate 
basket charging, and storage of high-quality steel under cover, 
holding furnaces for continuous casting, the use of finer sands 
for casting, light-alloy patterns, and more careful dust sup- 
pression are the present trends.—k. T. L. 

Develops Pressurized Cupola. E. F. Fisher. (Foundry, 
1952, 80, Feb., 152-154). The author explains how increasing 
the blast pressure improves combustion and raises the tem- 
perature in the cupola. He describes model tests and a full- 
scale cupola with a closed top, bell-charging mechanism, and 
a 42-in. dia. gas outlet pipe. The junction of this pipe to the 
top of the cupola was restricted by a plate with a hole 18 in. 
in dia. which raised the pressure in the cupola. The advantages 
claimed include: (1) Coke size need not be uniform; (2) lower 
coke consumption; (3) less dust and fly ash; (4) better control 
of air volume; (5) uniform erosion of lining; (6) greater density 
of charge can be used; (7) less bridging and channelling; 
(8) better results with oxygen-enriched blast; (9) more efficient 
preheating of the descending charge; (10) greater fluidity of 
the iron; and (11) better control of the carbon.—R. A. R. 

Rammed Cupola Linings. F. Sandford and S. Fransson. 
(Gjuteriet, 1952, 42, June, 91-95). [In Swedish]. Basic 
principles of lining preparation are discussed. Graphitic 
additives, although hindering slag penetration, may oxidize 
and thus cause increased porosity. A series of tests is described 
to establish strains in a cupola shell plate 520 mm. long, 525 
mm. dia., and 8 mm. thick. The lining contained 98-7% SiO, 
and 4-9% moisture, and thickness was 202-5 mm. Shell 
stress measured by a hydraulic jack arrangement was 168 
kg./sq. em. after 22 hr. It is concluded that there should be 
no risk of fracture in any normal cupola shell.—e. G. K. 

Nodular Cast Iron. D. Swarup. (Trans. Indian Inst. Met., 
1950, 4, 113-124). The importance of nodular cast iron, its 
production, properties, and applications are reviewed, and 
the cerium and magnesium processes are compared.—D. H. 

Practical Aspects of Olivine as a Molding Material. J. 
Sissener and B. Langum. (Amer. Foundryman, 1952, 21, 
Apr., 138-142). Olivine is a highly refractory iron—manganese 
silicate. Crushed to a suitable grain size, it is used as a moulding 
material in Norwegian foundries, particularly steel foundries. 
Its thermal properties are very different from those of silica. 
The main reason for using olivine is the assumption that it 
reduces the risk of silicosis, but there is also the technical 
advantage that it prevents manganese steel and chromium— 
nickel steel from penetrating into the sand.—®. T. L. 

Clay Determination Procedure Improved Testing Sand with 
Included Combustibles. O. J. Myers. (Amer. Foundryman, 
1952, 21, Mar., 49). The author outlines the test procedure 
that he recommends for determining the percentage of com- 
bustibles such as wood flour, cereal, and sea coal in moulding 
sand.—E. T. L. 
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Magnesite for Molding. S. G. Urane. (Amer. Foundryman, 
1952, 21, Mar., 49-50). Practical test shows that magnesite 
can replace silica flour as a general mould and core wash, 
and in treating facing sand to reduce its permeability. This 
paper explains how to prepare the magnesite, describes 
properties, compounding techniques and application methods 
for the wash, gives a description of typical facing sand mix- 
tures, and offers advice on sound practice.—e. T. L. 

Surface Tension Bonds for Sand. W. A. Snyder. (Amer. 
Foundryman, 1952, 21, Mar., 38-41). Limited experiments 
have shown that it is possible to produce moulding sand 
mixtures with suitable strength, permeability, and deforma- 
tion for light moulding, using only the surface tension of a 
fluid in the sand as a binder.—. T. L. 

Thermal Expansion and Contraction of Compacted Steel- 
founding Sands and Mould Washes. D. V. Atterton. (Inst. 
British Foundrymen Preprint 1039, June, 1952: Foundry 
Trade J., 1952, 92, July 17, 61-68). Expansion has been 
measured, showing that zircon is more constant in length 
than olivine or silica, although the expansion of loosely 
rammed low-density compacts of bentonite-bonded silica 
sand is small. The expansion is reduced by increasing the 
bond or moisture content in the green sand. Wood flour 
and organic binders appear to have no effect. The‘results 
suggest that the chief cause of scabs is a difference between 
the expansions of facing sand and the underlying sand. 

Qualities Required in Corebinders. D. Lane. (Foundry 
Trade J., 1952, 92, July 3, 21-22). The author lists nine 
desiderata, all of which no binder engage . Existing binders 
are classified and considered in turn.—®. T. L. 

Cut Mold Costs with Cement Sand. N. A. Jeppesen. (Jron 
Age, 1952, 169, Apr. 17, 116-119). In Denmark moulds made 
of sea sand and cement instead of clay have been introduced 
to eliminate smoke and carbon monoxide hazards. The 
biggest advantage is in producing large and heavy castings 
which are pit-moulded by hand. Savings in moulding time, 
coke, and consumption of gaggers, rods, and nails is large 
enough to offset the higher cost.—A. M. F. 

The Properties of Bonding Clays. J. Goodison, P. Williams, 
§. Judge, and J. White. (Brit. Steel Founders’ Assoc., Res. 
and Develop. Rep. No. 16/51/MM, 1952, Apr., 1-48). The 
principle characteristics, including bonding properties and 
thermal analysis curves, of 39 clays from many localities 
are conveniently collected for reference. The samples tested 
include bentonites, china clays, and others in commercial 
use. An outline is given of the testing procedures used. 

How to Select and Maintain Flasks. G. A. Gehrman. 
(Foundry, 1952, 80, Feb., 94-97, 261). The author deals 
with the size, strength, and design of flasks.—k. T. L 

Practical Suggestions for the Building of Wood Patterns. 
W..H. Siebert. (Amer. Foundryman, 1952, 21, Apr., 132-134). 
The author describes step-by-step = pr ocedure that should 
be adopted by a patternmaker.—r. 

Risering Castings—A Progress Report for 1948-1951. J. B. 
Caine. (Amer. Foundryman, 1952, 21, Apr., 143-149). The 
author reviews the gen —— of the positioning and 
design of the risers.—£. 

— Off Feeding Heads. J. B. Robinson. (Foundry 
Trade J., 1952, 92, July 3, 13-19). An account is given of 
two practical methods of feeding castings, in both of which 
the removal costs are nil as the feeder is struck off by a 
hammer blow. They are: (a) The use of exothermic core 
compounds; 6% (b) the use of the Connor block or hot lip 
runner.—E. T. 

Gating Geay ‘Iron for Production Foundries. J. J. Silk. 
(Amer. Foundryman, 1952, 21, Feb., 41-43). The author 
outlines gating methods for snap flask work and for heavy 
floor work using edge plates.—k. T. L. 

Flow of Metal. (Inst. Brit. Foundrymen, Report of Sub- 
committee T.S. 35: Foundry Trade J., 1952, 92, June 26, 
673-680). This is a commentary on a film entitled ‘ Flow of 
metal into moulds’ made to show the mechanism of flow. 
In the text there are 16 illustrations, showing the effect of 
the type of gating in the casting of a flat block, the effect 
of positioning of gates in casting a spoked wheel, and the 
effect of multiple gating. The flow into various simple circular 
moulds is also indicated.—e. T. L. 

Core-Blowing Machines—What They Can Do for Your 
Foundry. J. A. Mescher. (Amer. Foundryman, 1952, 21, 
Feb., 36-40). The advantages of core blowers include high 
speed on production runs, uniformly high quality, suitability 
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for unskilled workmen, and almost complete elimination of 
_ work. On the other hand, very stiff sands are difficult 
to blow, and core-blowing is not suitable for thick sections. 
The cost of good blow boxes and the time required to set up 
the machine make the method unsuitable for producing small 
quantities.—k. T. L. 

Tool Steel Investment Castings Meet Physical Requirements 
of Strapping Tools. (Precision Met. Mold., 1952, 10, May, 
26-27). Details are given of the method of manufacturing 
three tool-steel articles by the investment-casting process. 

Fundamental Study on Precision Casting (II), Some Influences 
upon Cracking and Stripping of Coating Refractory Material. 
K. Katori, T. Okatura, and T. Maruo. (J. Mech. Lab., 1952, 
6, Jan., 1-8). [In Japanese]. Experiments in precision 
investment casting led to the conclusion that cracking of 
coating material occurs mainly during air drying owing to 
the colloidal condition of the coating grains, speedy drying, and 
high concentration of hydrolysed silicic acid.—,. G. w. 

The Impending Revolution in Casting Processes. H. H. 
Harris. (Metal Progress, 1952, 61, Mar., 65-69). The author 
criticizes present American foundry practice and considers 
that re-equipment of foundries and the investigation of 
radically new practices are required.—s. G. B. 

Desulphurization of Cast Iron. A. Guédras. (Mét. Constr. 
Meéc., 1952, 84, Apr., 221-223). If a coke containing up to 
14% ash, but of a calcareous rather than a siliceous nature, 
is used, the iron attains a higher temperature than if the 
same amount of siliceous coke with only 10% ash were 
employed. The calcareous nature of the ash causes it to 
melt more rapidly. Normal practice was to standardize the 
lime content of the coke by adding crushed lime instead of 
limestone. The basic reactions of desulphurization are 
described. Materials for fluxing the ash from the coke should 
be mixed with coal dust before baking.—Rr. s. 

Tron and Steel ae: Production at rye Foundry. 
P. McA. Martin and J. A. Cooper. (Iron Steel, 1952, 25, Apr., 
117-120). The i at. Foundry, near Doncaster, 
produces both iron and steel castings by mass-production 
methods. The general layout of the works is first outlined, 
and detailed descriptions are then given of the melting shop 
and other departments.—c. F. 

A Shell Moulding Process. (Light Metals, 1952, 15, Aug., 
268-269). A new technique of making shell moulds and 
cores is described. Metal patterns are heated to about 170° C. 
and sprayed with a stripping solution. Moulding mixture is 
allowed to fall on the pattern, and some sets on the surface 
of the pattern to a thickness of about } in., by virtue of the 
setting of the resin in the mixture due to the heat of the 
pattern. The loose moulding mixture is tipped off, and the 
shell mould removed. The mould is cured in 2 min. The 
refractoriness, strength, and permeability of a ‘ Polygram C’ 
mould are so high that alloy steel can be cast into it at 
1620° C. Shot blasting is unnecessary. Amongst many 
advantages of this system are the cheapness and accuracy 
of the casting process.—E. T. L. 

An Appraisal of the Shell Moulding Process. H. J. Roast. 
(Metal Progress, 1952, 61, Apr., 71-74). Details of the process 
and operational technique s are given. Tolerances compare 
favourably with the lost-wax and plaster moulding methods 
for castings of equal size. The process is simpler in operation 
once the metal pattern is accurately made; extreme care is 
necessary in making the cast-iron pattern and it must be 
well designed.—B. G. B. 

The Osborn Shaw Process of Precision Casting. (Machinery, 
1952, 80, Mar. 20, 506-507). This process comprises four 
stages: (1) Preparation of an oversize model requiring only 
one contracting allowance, corresponding to that of the 
freezing metal; (2) age of bench master patterns cast 
in a hand plaster material; (3) production of accurate refrac- 
tory moulds from the patterns (in an average time of 3 min. 
per mould); and (4) pouring. Many non-ferrous alloys, iron, 
earbon steel, stainless steel, Stellite, Vitallium, and tungsten 
hard-facing alloys have been successfully cast.—Rr. A. R. 

Rotary Melting Furnaces. C. W. Jensen. (Min. Mag., 
1951, 85, Aug., 73-75). The advantages obtained by replacing 
reverberatory furnaces by rotating kilns in melting ingots 
and scrap, and in carrying out reduction processes in the non- 
ferrous metal industry are briefly reviewed. The rotary 
furnace is superior to a stationary one with regard to fuel 
consumption, life of the lining. separation of the products 
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of different specific gravities, and better control of the desired 
reactions.—H. F. 

High Vacuum Melting: Recent Continental Developments. 
A. J. Gibbs-Smith. (Iron Steel, 1952, 25, Apr., 141-142). 
Details are given of high-vacuum melting plants for tempera- 
tures up to about 2000° C., developed in Switzerland by the 
firm of Geraitebau-Anstalt Balzers. The sizes currently manu- 
factured are from 20 Ib. capacity, rated at 40 kW., to 100 Ib. 
capacity, rated at 100 kW.—c. F. 

European Experiments on Vacuum-Melted Pure Iron. T. 
Bishop. (Metal Progress, 1952, 61, Apr., 75-81). A description 
is given of previously reported experiments carried out at 
the National Physical Laboratory on a unit for vacuum- 
melting iron up to 25 Ib. in weight.—-s. G. B. 

Vacuum Metallurgy—Its Characteristics and Its Scope. W. J 
Kroll. (Vacwum, 1951, 1, July, 163-184). A general examina- 
tion of metallurgical processes carried out in vacuum is made. 
After surveying the existing furnace designs, their performance 
and limitations, a variety of metallurgical procedures involving 
vacuum technique are discussed. (88 references).—B. G. B. 

The Technique of Melting and Casting Metals and Alloys 
under High Vacuum. W. Fischer and O. Winkler. (Rev. 
Mét., 1952, 49, Mar., 211-220). The fields of application of 
the technique are discussed, including its indispensabie use 
for metals having a great affinity for gases. Requirements of 
a vacuum melting plant are outlined and the advantages of 
induction heating are stressed. Several types of installation 
are described with a detailed account of one of them.—a. G. 

Modernization Without Mechanization. L. B. Knight. 
(Foundry, 1952, 80, Feb., 112-116, 206, 208, 210). Moderniza- 
tion implies reduced manual handling, reduced interference 
with production, and increased incentives to productivity. 
The author traces the application of these principles in a 
particular American foundry, where some mechanization 
exists.—E. T. L. 

Limited Mechanization in the Jobbing Foundry. E. A. 
Swensson. (Foundry, 1952, 80, Mar., 92-95, 247-249). 
Mechanization means higher amortization cost, but also 
higher production ; hence, limited mechanization is appropriate 
to times of fluctuating demand. The author describes the 
mechanization of moulding operations.—k. T. L. 

Modern Foundry Methods Expand High gowage rs Malleable 
Iron Plant. (Amer. Foundryman, 1951, 20, Dec., 51). The 
new plant of the Albion Malleable Iron Co., oe ig Michiatn, 
which produces engine castings, is described.—®. T. L. 

British Rolimakers Corporation— Opening of New Works at 
Crewe. (Brit. Steelmaker, 1952, 18, July, 356-357, 368). 
Production of Cast Iron Rolls. (Engineering, 1952, 178, 
June 20, 777). Modern Rol] Manufacture. (Jron Coal Trades 
Rev., 1952, 164, June 20, 1387-1388). Roll Manufacture. 
(Metal Ind., 1952, 80, June 27, 525-526). New Roll Foundry 
at Crewe. (Foundry Trade J., 1952, 98, July 17, 73-74). 
Crewe Developments—New Foundry of British Rollmakers 
Corporation Ltd. (Jron Steel, 1952, 25, July, 341-342). A 
Roll Works at Crewe. (Engineer, 1952, 198, June 20, 837). 
The new roll foundry is described. The melting units include 
four top-charged Gibbons’ air furnaces (two 15-ton, two 
25-ton units) fired with pulverized coal, two Pneulec cupolas, 
and one oil-fired rotary furnace.—R. A. R. 

The Dowlais Foundry of Guest Keen Baldwins Iron & Steel 
Co., Ltd. (Engineering, 1952, 174, July 11, 33-34; Engineer, 
1952, 194, July 11, 67; Iron Coal Trades Rev., 1952, July 18, 
159-161; Brit. Steelmaker, 1952, 18, Aug., 405-407). A 
description is given of the £250,000 scheme for modernization 
and extension of the iron foundry in the Ivor Works at 
Dowlais. The equipment comprises five cupolas and the 
associated sand-preparation, mechanical ramming, and sand- 
slinging equipment giving a weekly capacity of 450 to 500 
tons of castings.—mM. D. J. B. 

Impregnating Castings for Pressure Tightness. (Foundry, 
1952, 80, Feb., 172). This is a description of a new thermo- 
setting copolymer (called P.E. No. 1, made by Western 
Sealant Inc., Culver City, Calif.) for sealing ferrous or non- 
ferrous castings. The material is applied under pressure, and 
is claimed to be capable of withstanding extreme pressures 
and temperatures. It does not react with industrial liquids 
and gases.—E. T. L. 

Standards for Rough Chipping and Removing Welds. D. V. 
Order. (Amer. Foundryman, 1952, 21, Apr., 120-124). The 
author describes a delicate device for measuring the operating 
time of a grinder or chipping hammer.—z. T. L. 
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Handling in the Foundry. J. Leonard. (Rev. Univ. Min., 
1952, 9th series, 8, May, 193-198). The operation and 
organization of American foundries is compared with those 
in Belgium. A short description is given of improvements 
that could be incorporated in Belgian foundries.—z. G. B. 

Natural Roof Ventilation for Foundries. A. R. Parkes. 
(Foundry Trade J., 1952, 98, July 31, 127-129). 

Research on Atmospheric Dust in Steel Foundries, with Special 
Reference to the Use of Statistical Surveys. G. M. Michie 
and G. H. Jowett. (Inst. British Found., June, 1952, Paper 
No. 1038). 

Training for Ironfounding. (Council of Ironfoundry Associa- 
tions Conf., Mar. 12-14, 1952). This report of a conference 
held at Ashorne Hill contains the following papers dealing 
with the training of the craftsman, foundry technician, fore- 
man, and junior executive: 

The Film and Other Visual Aids. J. Le Harivel (pp. 2-6). 

The Scope of Training. J. G. Pearce (pp. 7-10). 

Recruitment and Vocational Guidance. (Pp. 11-18). 

Recommendations on Training in Moulding and Coremaking. 
G, R. Shotton (pp. 19-26). 

Training for Foundry Management. J. Bamford (pp. 27- 
34). 

Vocational Training. H. Garratt (pp. 35-42). 

The Graduate in Industry. R. O. Kapp (pp. 43-49). 

Some Company Training Schemes and the National Foundry 
Craft Training Centre. (Pp. 50-57). 

Training in Foremanship.Aims of Foremanship. A. B. 
Lowndes (pp. 58-60). 

Training in Foremanship._-The Supervisor’s Point of View. 
A. J. Mansell (pp. 60-62). 

Training in Foremanship.—Training within Industry. H. 
Saxon (pp. 62-64). 

Foreign Schemes of Foundry Training. J. G. Pearce and 
J. Bamford (pp. 67-71) 

How the 1944 Education Act Affects Industry. KR. W. 
Blount (pp. 76-77). 

What Changes in the Pattern of Education Should Industry 
Try to Influence? J. B. McIntyre (pp. 78-79). 

Training as a Method of Raising Productive Efficiency. 
J. H. Hay (p. 79). 

Does the Ironfounding Industry Get the Type of Recruit 
It Deserves? J. Wooding. 


HEATING FURNACES AND SOAKING PITS 


Symposium on Soaking Pits. G. Primm, H. B. Helm, R. N. 
Powel, and P. C. Singleton. (ron Steel Eng., 1952, 29, June, 
98-102). This symposium comprises four papers dealing 
respectively with soaking-pit practice at the South Works 
of United States Steel Co., the Indiana Harbour Works of 
Youngstown Sheet and Tube Co., the Wisconsin Steel Works 
of the International Harvester Co., and at the Inland Steel Co. 
Pit design and operation are described together with methods 
of firing, types of lining, thermal efficiency, testing capacities, 
and control equipment.—m. D. J. B. 

Insulation Lengthens Skid Tube Life. KR. C. Singleton. 
(Steel, 1952, 180, Feb. 18, 101-102). The insulation of water- 
cooled skids in reheating furnaces, by means of welded studs 
with an integral collar to hold chrome ore refractory, is 
described. This process eliminates cold spots on billets and 
decreases furnace heat loss 20-25%. The studs can be applied 
at the rate of three to five per minute.—a. M. F. 


HEAT TREATMENT AND 
HEAT-TREATMENT FURNACES 


Heat Treatment Plant Developments. (Metallurgia, 1952, 
45, May, 231-245). New furnace designs are reviewed. These 
have been developed to reduce the amounts of alloying 
elements used. A survey is made of heat-treating furnaces 
for both small and large objects including furnaces for 
reheating, annealing, hardening and tempering, gas carburiza- 
tion, salt baths, laboratories, and the exfoliation of vermicu- 
_—B. G. B. 

Study for Applying Material (XI)—On the Mechanism of 
Liquid Carburizing and Function of the Molten Mixed Cyanide. 
H. Matsumoto. (J. Mech. Lab., 1952, 6, Jan., 9-14). [In 
Japanese]. Differences between theoretical calculations, based 
on the diffusion theory, and observations are thought to be 
due to corrosion loss. Closer attention to the purity of NaCN 
is recommended.—4J. G. w. 
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ABSTRACTS 


A Study of the Case-Hardening of SAE 3312 Steel in Molten 


Salts. A. A. Arantes and V. Chiaverini. (Assoc. Brasil. Met. 
Bol., 1951, 7, Oct., 447-470). [In Portuguese]. The results 


of carburizing a Ni-Cr steel in a salt bath are presented. 
Salt-bath carburizing facilitates control of the properties of 
the carburized layer and produces a reasonable depth of 
hardening in a relatively short time. Tempering does not 
eliminate all the retained austenite. Double quenching is 
always more advisable as it permits closer control of the 
properties of the carburized layer.—n. s. 

Unique Line Hardens and Chills 16-ft. Pieces. H. W. 
Dammel. (Iron Age, 1952, 169, Apr. 17, 120-121). A special 
flame-hardening machine developed for a te machine-tool 
wear strips is described. This machine, which is automatically 
controlled, is followed by an industrial chilling unit where the 


strips are held for 24 hr. at — 120° F. for stabilization or 
sub-zero transformation of the retained austenite. After 


tempering, the final step is straightening before finish machin- 
ing and grinding.—A. M. F. 

Influence of Temperature, Gas Composition and Flow on 
Carbo-Nitrided Cases. W. H. Holcroft and D. J. Schwalm. 
(Metal Progress, 1952, 61, Apr., 89-93). The effect of increas- 
ing temperature is to decrease the amount of nitrogen absorbed, 
increase the amount of carbon absorbed, decrease and 
eventually eliminate a white layer, and to increase the 
Rockwell hardness. An increase in the percentage of ammonia, 
for a given temperature, increases the amount of nitrogen 
absorbed, and decreases the amount of carbon absorbed 
and the Rockwell hardness. An increase in the flow rate of the 
furnace atmosphere, within reasonable limits, — slightly 
increases the amount of nitrogen absorbed.—ns. G. B. 

Continuous Carbon Restoration Furnace Boosts Production. 
J. D. Armour. (Jron Age, 1952, 169, Apr. 17, 111-115). 
A new six-zone continuous carbon-restoring annealing furnace 
at the Union Drawn Wire Division is described. The furnace 
holds bars up to 6 in. in dia. and coils up to 54 in. in dia. 
The atmosphere is controllable, and time in the furnace is 
variable from 1 to 24 hr. at temperatures of 1400° F. to 
1800° F. Greater uniformity of gan carbon and shorter 
cycles have been obtained.—a. mM. 

How to Remove Internal Stress wy Local Heating. J. A. 
Smoljanckij. (Hutnik (Prague), 1952, 2, 5, 103-106). [In 
Czech}. A new rapid method for removing residual stresses, 
involving induction heating, is described. Experimental 
results show a reduction of internal stresses by 69-97°, in 
steel castings.—P. F. 

Continuous Annealing of Steel Strip: Operation of High- 
Speed Line at the Works of the United States Steel Corporation, 
Gary, Indiana. H. W. Perry. (Brit. Steelmaker, 1952, 18, 
June, 298-301). A description is given of a continuous steel- 
strip annealing plant in operation at the Gary Works of the 
United States Steel Corp. The sheet, which is annealed at 
the rate of 1000 ft./min., ranges from 0°075 to 0°015 in. in 
thickness and from 18 to 36 in. in width, and the leading 
end of each successive coil is welded to the end of the preceding 
coil. The strip moves in ry vertical loops and undergoes 
11 different processes.—«a. 

Rational Economy in a Sicstintnn Department. E. Zmi- 
horski. (Hutnik, 1952, 19, 4, 127-131). [In Polish]. The 
necessary improvements in the organization of a hardening 
department, in order to increase its efficiency and output, are 
discussed.—v. ¢ 

hoe Sueays: How Effective Can They Be? W. P. Wallace 
and T. Newton. (Iron Age, 1952, 169, Apr. 5, 121 123). 
tat liatln on the quenching of 70-30 brass from 1000° F. 
by means of water sprays indicate that the temperature 
differential and quantity of fluid rather than droplet size 
control the rate of heat exchange. Pressures up to 100 
Ib./sq. in. and nozzles between 0-0313 and 0-125 in. in dia. 
were used.—-A. M. F. 


STAMPING, DRAWING, AND oe 


A Die Block Plant. (Zngineer, 1952, 198, May 23, 704-705). 
Mechanized Die Block Forge. (Mech. Handling, 1952, 39, 
June, 288-291). See ‘ The Die-Block Plant of Walter Somers, 
Limited, Halesowen,’ J. Iron Steel Inst., 1952, 172, Oct., 238. 

Mechanical Die Feeds . . . More Production, Less Effort. 
J. Van Eaton. (Steel, 1952, 180, Mar. 17, 86-87). Large 
increases in production rates can be obtained when mechanical 
die-feeding equipment is used in combination with progressive 
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die-stamping operations. In one installation described, a 
press with a two-station progressive die operates unattended 
at 144 strokes/min. Production is 7000 pieces/hr.—aA. M. F 

Hydroforming Proves Economical in Small Shop. R. Dane- 
hower. (Iron Age, 1952, 169, Apr. 10, 124-127). The Hydro- 
form press developed by the Cincinnati Milling Machine Co. 
is described. This method employs a flexible diaphragm 
sealed against high pressure and backed by oil as one of the 
die members. Complicated forming can be done in one 
operation, surface finish is not marred, and tooling costs are 
much reduced.—aA. M. F. 

Construction and Design of Simple Press Tools. KR. Kuz- 
minski. (Osterr. Masch. Elektrowirtschaft, 1951, 6, Oct. 31, 
387-389). Examples are given of the calculations of blank 
size, blank-holder, and drawing forces for simple drawn parts, 
the press tools for which can be manufactured in 25-35 hr. 

Cold Extrusion of Steel Shell at Heintz Mfg. Co. E. E. Thum. 
(Metal Progress, 1952, 61, May, 72-74). The production of 
rocket heads by a cold extrusion process is described. Pres- 
sures of about 100 tons/sq. in. are sufficient for the ‘ forward 
extrusion ’ of cold low-carbon steel. A coating is used which 
deforms with the work and prevents metal-to-metal contact, 
seizure, and scoring of work. Accuracy of shape in the 
extruded shells and desirable ballistic properties are among 
the advantages of the method cited.—ns. G. B. 

New Tube Extrusion Process at Babcock and Wilcox Co. 
(Iron Steel Eng., 1952, 29, June, 106-110). This article 
deseribes the first American extrusion press operating the 
French Ugine-Sejournet hot-extrusion process. After a brief 
review of the Ugine-Sejournet process and the production 
of tubing by extrusion, equipment details, metallurgical 
aspects, and the economic significance of the process are 
discussed. The process uses glass as a lubricant and claims 
to make hot extrusion practical and less costly for 
producing steels highly alloyed refractory 
metals.—m. D. J. B. 

Steel Extruding —Puts the Squeeze on —— Forming. 
H. J. Altwicker and K. F. Braeuninger. (Stee/, 1952, 180, 
Mar. 17, 88-90). The possibilities of the extrusion process 
for the working of steel and high-temperature alloys are 
discussed. Dies must be hard-faced and water-cooled and 
the press must be powerful and fast working. With high 
rates of deformation the fatigue strength is high.—a. M. Fr. 

On Sinking and Drawing of Steel Tubes (I) —Sinking Process 
of Thin-Walled Steel Tubes through Conical Dies. S. Yazawa 
and K. Sato. Mech. 


more 


stainless and 


Lab., 6, Jan., 21-25). [In Japanese]. 
The stress distribution in the tube wall and the sinking force 
were calculated in terms of reduction, die angle, thickness/ 
diameter ratio, and coefficient of friction, assuming that the 
wall thickness remained constant and the axial and tangential 
stresses were invariable in the radial direction; a correction 
factor to allow for change of direction at die entry was 
added. The calculated values were compared with the results 
of the authors’ experiments and agreed for coefficients of 
friction between 0-04 and 0-06.—s. G. w. 

On Sinking and Drawing of Steel Tubes (II)—Additional 
Term for Sinking Force at the Entry of Dies. S. Yazawa and 
K. Sato. (J. Mech. Lab., 1952, 6, Apr., 105-108). [In Jap- 
anese |. 

Standardization and Testing of Drawing Dies. A. 
(Schweiz. Arch. Wiss. Techn., 1952, 18, Mar., 97-101). 
proposals for standardizing drawing dies are outlined. The 
following instruments for measuring die profiles are described: 
The Alfameter for measuring die angle by a reflection process, 
the Zetmeter for measuring length of parallel portion, the 
B.I.S.R.A. profilometer for measuring the complete profile, 
and a German profilometer in which movements of the 
contact point are recorded optically.—un. R. M. 

A Contribution to the Problem of Mechanical Ageing of 
Hard Drawn Patented Steel Wires. F. Schwier. (Ff. & G. 
Rundschau, 1951, July, pp. 215-228). Tests were carried 
out on five different patented drawn steel wires to determine 
the effect of temperature (up to 420°C.) and time on their 
tensile properties. Measurements of die temperature during 
wire drawing showed that the temperature reached in normal 
drawing may be sufficient to produce rapid ageing. If ageing 
is to be avoided, care must therefore be taken, particularly 
in multiple-die machines, to cool the dies adequately. The 
use to which the wire is to be put will determine whether 
utilized.—n. R. M. 
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The Development and Control of the Bonderizing Process for 
Wire Drawing. W. A. Sandilands. (Wire Ind., 1952, 19, 
June, 537-540). Bonderizing of carbon steel wire for both 
dry and wet drawing has become standard practice at 
Frederick Smith and Co., Halifax, after extensive develop- 
ment, which is described in detail. Particulars are given of 
die performances with and without bonderizing, the latter 
yielding 4- to 8-fold improvement. The bonderized wire is 
limed to avoid rusting. Details of the plant, treatment, and 
testing the solution are also given.—4J. G. W. 

Some Production Experiences with Bonderizing for Cold 
Drawing of Steel Wire. W. Holloway. (Wire Ind., 1952, 19, 
July, 643-644). During development work, bonderizing 
followed by water swilling was dropped on account of iron 
oxides formed on top of the phosphate coating. A subsequent 
borax treatment at about 100°C. proved to be a great success 
in drawing, but caused trouble in heat-treatment. Finally, 
lime was adopted. The final treatment has led to a trebling 
of drawing speeds in production of high-tensile wire, together 
with an improvement in die performance.—J. G. w. 

The Application of Bonderizing for Wire Drawing. C. 
Coates. (Wire Ind., 1952, 19, June, 541-545). The plant for 
bonderizing at Frederick Smith and Co., Halifax, is described, 
output figures are quoted, and details of the entire wire- 
drawing process are given. The author stresses that bonderiz- 
ing does not remove the need for effective pickling. For 
successful wet drawing, one dry-drawing pass on oe 
and limed wire was found to be necessary.—J. G. 

The Application of Bonderizing in Needle Wire Production. 
N.J.Strasser. (Wire Ind., 1952, 19, July, 637-639). Bonderiz- 
ing has been introduced into the manufacture of wire for 
needles. A three months’ test run has resulted in the elimina- 
tion of about 30°, of the intermediate anneals, an increase of 
at least 50°, in die life, and better wire surface which improved 
the life of stamping tools by 30%. The cost of bonderizing 
was covered by the saving of intermediate heat-treatments. 

The Application of Bonderizing in Section Drawing. H. F. 
Sanderson. (Wire Ind., 1952, 19, July, 639-640). A com- 
parison is made between the production of section wire from 
sull-coated and bonderized stock. The latter enabled inter- 
mediate anneals to be nearly halved in number and reductions 
per pass to be increased by 40 to 100°. Mention is also made 
of the substitution of bonderized drawn wire for galvanized 
wire used for strapping cases.—J. G. w. . 

A Sensitive Comparator for Measuring Wires. J. C. Evans, 
R. 8S. Marriner, and I. G. Morgan. (Wire Jnd., 1952, 19, 
June, 551-555). A pneumatic comparator for measuring the 
variation in diameter of wires down to 50 8.W.G., whilst they 
are drawn through the eyed at up to 20 ft./min., is 
described. An accuracy of + 0-00002 in. is claimed.—s. G. w. 

Wire Production in Brazil. R.G. Walker. (Wire Production, 
1952, 1, June, 16-19). The wire mills of the Companhia 
Siderurgica Belgo-Mineira are described, particulars of plant 
and production schedules being giv G. W. 





ROLLING-MILL PRACTICE 


The Calculation of Speed in Rolling Process. Z. Wusatowski. 
(Prace Instytutu Metalurgii, 1952, 4, 1, 1-47). [In Polish]. 
The author attempts to deduce formule and methods for 
calculating speeds for rolling bars, sections, sheet, and strip. 
Taking as a basis the Orowan expressions for cases of inhomo- 
geneous deformation and slip along the whole length of the 
are of contact, the author derived his own similar formule. 
Starting from the formule of Cook and Larke, and of Orowan, 
formule for rolling without spread were deduced. The author 
also made calculations, using his own and other methods, 
and compared the results obtained with published data from 
actual measurements made on experimental rolling mills by 
various investigators. Using the results, he draws conclusions 
as to the applicability of the various equations. Formule 
for calculating speeds in continuous mills for rolling bars, 
sections, sheet, and strip are given. (46 references).—v. G 

Torquemeter for Industrial Applications. RK. B. Sims and 
A. D. Morley. (Engineering, 1952, 174, July 4, 20-21; July 11, 
36-38). This paper describes the design of a torquemeter for 
measuring the torque transmitted by a rotating shaft. The 
torque is measured directly in terms of the elastic shear strain 
in the shaft, and it can be fitted quickly to shafts of differing 
diameters. It is intended for use on spindles driving the 
rolls of rolling mills under production conditions.—um. D. J. B. 
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Delivery of Torque to Rolls. L. Moses. 


(Iron Steel Eng., 
1952, 29, June, 55-63). The author examines spindle design 
with particular reference to small and medium mills. After 
a critical examination of current practice, a specification for 
spindle design is given covering such points as facility of roll 
changes, prevention of end-thrust, chattering and waviness, 
provision of a balanced application of torque, lubrication at 
high speeds, prevention of roll pounding and the effects of 
annular clearance on backlash. Stress is laid on the advantages 
of machined spindles constructed from selected materials and 
heat-treated for strength and wear resistance.—um. D. J. B. 

Performance of Hydrodynamically Lubricated Roll Neck 
Bearings. R. B. Sims. (J. Iron Steel Inst., 1952, 172, Dec., 
415-418). [This issue]. 

Modern Rolling Mill Drives and Controls. 
(Inst. Hierro Acero, 1952, 5, Apr., 367-379). [In Spanish]. 
After discussing the essential nature of amplydines, the 
author describes the main types of amplydine for rolling-mill 
control. Examples of applications in the case of high-speed 
cold-rolled strip mills are treated. The benefits of twin-drive 
are examined. Electric control applied to blooming mills 
is considered.—R. Ss. 

The Production of Bimetallic Copper-Steel Conducting Wire. 
Z. Misiolek and R. Wusatowski. (Prace Instytutu Metalurgii, 
1952, 4, 1, 49-65). [In Polish]. Experimental rolling of 
bimetallic copper-steel billets into wire for telecommunica- 
tion, on a semi-industrial seale, is described. The electrical 
and mechanical properties of the rolled bimetallic wire were 
investigated and the results assembled in tables and graphs. 
Suggestions as to the correct roll-pass design and rolling 
technique for bimetallic copper-steel rods are given.—v. G. 

The Rolling of Precision Rounds in the U.S.A. R. Stewart- 
son. (J. Iron Steel Inst., 1952, 172, Dec., 419-426). [This 
issue ]. 

The Most Economical ‘ore: Conditions of Plate Mills. 
Z. Jaglarz. (Hutnik, 1952, 19, 5, 168-173). [In Polish]. The 
correct selection of size of rca and dae for rolling plates, 
percentage yields, and roll pressure are discussed in relation 
to optimum economy in rolling, and an analysis is made of 
the operation of a three-high Lautha-type stand.—v. «a. 

Temper Mill Symposium—Temper Rolling. J. F. Sellers, 
R. M. Peeples, and A. C. Halter. (Iron Steel Eng., 1952, 29, 
June, 76-87). The authors discuss the power required for 
temper mills and the application of power averages. They 
present temper-rolling power formule and many rolling 
power data and consider motor selection, generators, drives, 
variable torque operation, tension, reel and unwinder regula- 
tion, and control features. 

Temper Mill Symposium— Power Requirements. Wis es 
Smith and J. E. Butler. (Jron Steel Eng., 1952, 29, June, 
87-94). The authors discuss in detail the problems of reel 
power requirements, puller and mill-stand power require- 
ments, and generator selection. A method of calculating the 
horsepower required for working the metal is given.—. D. J. B 


MACHINERY FOR IRON AND STEEL PLANT 


Remote Control of an Ingot Buggy with Three Motions. 
K. S. Kuka. (Iron Steel Eng., 1952, 29, July, 121-124). 
The author describes a simple system of constant-potential 
control. It permits a smooth and selective operation with a 
constant-potential rheostatic control system with minimum 
of control equipment and it can be applied to any of the 
existing layouts when the ingot buggies are modernized and 
remote control adopted.—x. D. J. B. 

Constructional Equipment for Blast Furnaces. N. I. Luka- 
Skin. (Hutnické Listy, 1952, 7, Feb., 72-76). [In Czech]. 
The author describes the design of a crane, capable of lifting 
loads up to 40 tons to a height of 210 ft., and its application 
in the construction of blast-furnaces.—pP. F. 


LUBRICANTS AND LUBRICATION 


Simplified Method of Selecting Oils. I. P. Patsukov. (Stanki 
¢ Instrument, 1950, No. 11, 36). [In Russian]. To assist in 
the selection of oils, two series of curves, each curve 
corresponding to a given total width of sliding surface, are 
given. These show viscosity at 50°C. and hourly require- 
ments for lubrication against speed of sliding.—s. K. 

Spray Lubrication of Open Gears. J. A. Rigby. (Iron Steel 


C. von Kissling. 


Eng., 1952, 29, July, 87-90). After a brief review of former 
methods of lubricating open gears, the author describes 
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spray lubrication, which he claims to be superior to all others. 
Both lubricants and means of application are described. 

Boundary Layer Phenomena in the Cold Deformation of 
Phosphatized Iron and Steel. A. Wiistefeld and L. Louwien. 
(Metall, 1942, 21, Jan., 7-14). The phosphate layer is partially 
pulverized by strong pressure, and this crystalline powder 
forms a paste with the lubricant, which facilitates deep 
drawing. The phosphate layer is harder than the base steel 
so that a replica of the surface can be made by pressing a 
metal foil against it. The relation between the nature of 
the surface and the thickness and particle size of the layer 
was investigated and the adsorption of soap was studied. 

Lubricant Investigation Provides Defects Warning. (Qil 
Engine and Gas Turbine, 1952, 20, July 15, 94-95). It is 
shown how the spectrographic analyses of used oil ash 
indicated a bad mechanical condition, and how the technique 
can be applied to detect impending bearing failures.—Rr. A. R. 

Lubrication. H. J. Nicholson. (Trans. Liverpool Eng. Soc., 
1950, 71, 32-40). The author discusses the conditions of use, 
deterioration, temperatures, and removal of oils used in 
steam — = engines and enclosed high-speed steam 
engines.—F. ° 

The Effect of ‘Lubrication and Nature of Superficial Layer 
After Prolonged Periods of Running. F. T. Barwell. (Inst. 
Metals Monograph and Report Series, 1952, No. 13, 101-122). 
The surface, after repeated sliding friction, is a complex 
mixture of strained metal, oxides, and other reaction products. 
There is some evidence that wear may differ between the 
crystal planes of a crystal. Scuffing is an unstable process, 
increasing surface irregularity. Pitting is attributed to 
fatigue failure below the surface. Phosphatizing and anodizing 
are discussed, and the formation of a metallic soap in situ 
is recommended.—.. T. L. 

Some Notes on the Improvement of Plant Efficiency in the 
Rolling Mills. C. C. Higgens. (Scientific Lubrication, 1951, 
8, Aug., 10-15). 
installed on old plant, can increase efficiency at a fraction 
of the replacement cost, and can also improve modern units. 
Principles of operation of periodic and continuous centralized 
systems, and appropriate lubricants, are discussed. Details 
are given of applications to rod, section, bar and plate mills, 
and 120-ton ladle cranes and rotary coolers. Descriptions 
are given of the Tanway continuous coiling unit, and G.P. 
(General Purpose) grease or oil system.—k. E. J. 

Rolling Mill Lubricants: Factors Affecting Selection of 
Lubricating Systems. 8. F. Chisholm. (Iron Coal Trades Rev., 
1952, 164, June 6, 1247-1255). The author discusses the 
various types of lubricating system, and the oils and greases 
used, in modern rolling-mill practice. Factors controlling the 
selection of oils for various applications, and the methods 
employed for recirculation and improving certain properties 
of oils, are reviewed.—a. F. 

Use of Molybdenum Disulphide in Association with Phos- 
phated Surfaces. F. T. Barwell and A. A. Milne. (Scientific 
Lubrication, 1951, 8, Sept., 10-14). Experiments were made 
on the load-carrying capacity and endurance under light load 
of five dry-surface treatments. Molybdenum disulphide, 
rubbed or bonded on to mild steel, gave little effective 
protection against seizure. The combination of a phosphatiz- 
ing treatment with an applied lubricant, however, resulted 
in a good bearing surface. A bonded coating of molybdenum 
disulphide was superior to a coating of paraffin wax, which 
was itself —, to a coating of molybdenum disulphide 
rubbed on.—k. E. 

Metallic Sabiieaaie. N.C. Amen. (Steel, 1952, 180, Mar. 24, 
86). Molybdenum disulphide, copper-lead alloys, and other 
combined solids are being developed for the purpose of 
creating more stable lubricating compounds. The solids are 
placed in suitable base materials that will resist water, heat, 
and severe agitation, and have a high extreme pressure 
value.—A. M. F. 


WELDING AND FLAME-CUTTING 


The Metallurgical Principles of the Joining of Metals. H. 
O'Neill. (Inst. Metallurgists, The Joining of Metals, June, 
1952, 5-25). After some historical considerations, methods of 
joining metals are classified. Attractive forces are discussed 
from chemical, cry: stallographic, and surface-tension aspects. 
Welding processes involving metallic bonding, solid phase 
changes, local fusion, deposition from the arc, electro- 
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deposition, and vapour deposition are outlined, with discussion 
of the effects of impurities. (36 references).—k. E. J. 

Metallurgy of Welding of Carbon and Low Alloy Steels. L. 
Reeve. (Inst. Metallurgists, The Joining of Metals, June, 
1952, 60-94). The development and properties of various 
types of electrode are described, with emphasis on the effect 
of oxygen and nitrogen contents on mechanical properties. 
(21 references).—kK. E. J. 

on Metallurgy of Welding of the Cr-Ni Austenitic Steels. 

H. Keating. (Inst. Metallurgists, The Joining of Metals, 
Bog 1952, 95-126). The author discusses phase relation- 
ships in alloy steels, the influence of addition elements on 
Cr-Ni steels, the effects of transformations, carbide precipita- 
tion, carbon absorption in oxy-acetylene welding, stabilization 
of carbide, cracking in fully austenitic deposits, difficulties 
due to ferrite retention in sub-zero applications and in 
formation of sigma phase, possibilities of reduction of molyb- 
denum content, possibilities of extra low carbon compositions, 
and corrosion resistance of welded steels.—k. E. J. 

The Determination of Weldability. J. G. Ball. (Inst. 
Metallurgists, The Joining of Metals, June, 1952, 146-174). 
Discussion is confined to the determination of the suitability 
of materials for joining. Descriptions are given of suitable 
weldability determination procedures and apparatus for 
structural steels, mild-steel electrodes, and aluminium and 
magnesium alloys. (20 references).—K. E. J. 

Step-Welding of Steel. T. Norén. (Stahl u. Hisen, 1952, 72, 
Mar. 27, 347-350). A new welding process, which is par- 
ticularly suitable for alloyed tool steels that are prone to 
crack on welding, is described. There are two modifications. 
In the first, the material to be welded is heated to its 
austenitizing temperature, held there, and then cooled to a 
temperature at which the austenite transforms only very 
sluggishly to the pearlitic or intermediate structure; it is 
welded at that temperature, with a welding rod, the hardening 
temperature of which coincides with the welding temperature. 
The whole is then allowed to cool naturally to room tempera- 
ture, and annealed at low temperature. When the austenite 
transformation is not sufficiently sluggish, the second pro- 
cedure is employed. Here the material is heated as before, 
but cooled to a temperature at which the austenitic state of 
the welding rod material is more stable, and welding carried 
out. In this case, the body of the material remains soft. 
In both eases the welds are free from cracking.—J. P. 

A Continuous Tube-Making Machine. (Hngineer, 1952, 198, 
June 13, 805-806). Continuous Tube-Forming and Welding 


Machine. (Engineering, 1952, 178, June 13, 737-738; Mech. 
World, 1952, 181, June, 279-280). Continuous Tube 
Forming and Welding. (W« Iding Metal Fab., 1952, 20, June, 


204-206). Tube Manufacture. (Automobile Eng., 1952, 42, 
July, 271, 272). This article describes a new forming and 
welding machine designed by the Bronx Engineering Co., Ltd., 
for a South American firm. In it, tubes are formed from 
rolls of strip and are welded in a continuous process at rates 
varying from 40 to 120 ft./min. The tubes it makes are 
from } to 24 in. in dia., 20 to 10 gauge.—m. D. J. B. 

S.A. des Usines 4 Tubes de la Meuse at Flémalle-Haute. 
(Rev. Univ. Min., 1952, 9th series, 8, May, Monographies 
Industrielles). A short description of this large steel tube 
plant is given. Seamless tubes up to 9 in. in external diameter 
and welded tubes up to 4 ft. in dia. are manufactured.—ns. G. B. 

Producing Tube and Section Using Electric Resistance 
Welding. (Machinery Lloyd (European Edition), 1951, 28, 
Oct., 73-76). An automatic plant for the production of tubes 
from $ to 2 in. outside dia. from steel strip is described. 
The machines comprising the plant, including a 7-stand 
forming mill, electric tube resistance welder, 3-stand tube 
sizing and straightening machine, and flying saw are described 
together with the operational performance.—n. «a. B. 

The Twin-Arc Process. W. D. Waller. (Welding Metal 
Fab., 1952, 20, May, 162-168). The twin-are process, which 
gives welding spee ~ds up to 160% faster than orthodox single- 
are welding, is described.—v. E. 

Safety of Welded Ships. (Zimes Review of Industry, 1952, 
6, June, 22-24). A study of the failures of welded ships 
between 1942 and 1945 showed that they tended to occur 
at or near 0° C., and that most occurred at the first hatch 
corner. These findings are discussed in the light of the design, 
the transition temperature of ductile to brittle fracture, and 
other factors. With improved design, fractures per 1000 ship 
months are 3 with welded and 2+5 with riveted constructions. 
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The Design of Weldments. H. Koch. (Ciencia y tecnica de 
la soldadura, 1952, 2, May-June). [In Spanish]. 

Progress in the Field of Welding and Cutting. Present 
Position of Welding Technique in the Soviet Union. (Schweissen 
u. Schneiden, 1952, 4, Apr., 125-127). This is a review of 
research work on welding processes and weld properties 
carried out in Russia during 1950 and 1951. (50 references). 

A New Double Fillet Test for Hot-Cracking. E. G. P. 
Hinds. (Welding Res., 1952, 6, Feb., 277-28r). A new welda- 
bility test with which the susceptibility to hot-cracking can 
be assessed has been developed. A bar 1} in. wide is placed 
on a bar 3 in. wide, both bars being 5 in. long and 1 in. thick. 
A 3-in. fillet weld is laid along one side as a restraining weld, 
and a 14-in. fillet along the other. Both welds are examined 
for evidence of cracking.—R. A. R. 

Revision of the Concept of Weldability. F. A. Calvo Calvo. 
(Ciencia y Tecnica de la Soldadura, 1952, 2, Mar.—Apr., 1. 
{In Spanish]. The author believes that materials do not 
possess a property that can be called ‘ weldability.’ It is 
rather a question of welding methods and the correct one 
must be selected for each material.—Rr. s. 


Correlation of Weldability Tests with Structural Joints. 
Part I—Investigations with Tests of the Restrained Fillet 
Type. C. L. M. Cottrell and P. H. R. Lane. (Welding Res., 
1952, 6, Feb., 2r-12r). An investigation to produce a test 
for hard-zone cracking in arc-welded low-alloy steel is reported. 
The Reeve fillet weld cracking tests with various modifications 
are applied to manganese—molybdenum steels. The cooling 
rate in the hard zone is used as a criterion for comparison. 
Rosenthal’s theory of heat flow is discussed.—v. E. 

Correlation of Weldability Tests with Structural Joints. 
Part I—Investigations with Unrestrained Fillet Tests and 
Structural Joints. ©. L. M. Cottrell and M. D. Jackson. 
(Welding Res., 1952, 6, Apr., 31r—42r). The effect of potential 
hydrogen content in the electrode coating on the incidence 
of hard-zone cracking is studied. The existence of a constant 
critical cooling rate in all weldability tests irrespective of 
external restraint imposed, implies that the effect of restraint 
is a minor one in the initiation of cracking.—v. E. 

Correlation of Weldability Tests with Structural Joints. 
Part I1I—Investigations with the Controlled Thermal Severity 
Test. C. L. M. Cottrell, M. D. Jackson, and J. G. Purchas. 
(Welding Res., 1952, 6, June, 50r-—57r). A new weldability 
test for low-alloy steels is described. The test can be used 
to determine the tendency to hard-zone cracking and the 
welding procedures that will give crack-free hard zones in 
any given structural joint. A general equation for calculating 
the cooling rate in a given joint is proposed; it relates cooling 
rate at 300° C. in the hard zone to: (1) energy input to the 
weld; and (2) the shape of the joint. A weldability index is 
proposed for classifying low-alloy steels according to their 
tendency to hard-zone cracking.—v. E. 

Weld Hardenability of Chromium—Molybdenum Steel Pipe. 
(Welding Res., 1952, 6, Apr., 43r-46r). An investigation of 
the hardness of metal-arc-welded samples of 1% Cr, 0-5% Mo 
steel pipe, differing in wall thickness was made. The eee 
hardness in the heat-affected zone was associated with the 
highest preheating temperature (300° C.).—v. E. 

The Interpretation of Weld Radiographs. ©. Croxson. 
(Trans. Inst. Weld., 1952, 15, Feb., 7-12). The effect of 
radiographic technique and of the source of radiation on the 
characteristic appearance of the image is discussed. Some 
defects were oo to be associated with certain welding 
processes, U. 

The ‘* Dot Weld ” Process. J. A. Cooper. (Welding and 
Metal Fab., 1952, 20, June, 218-219). The method of ‘ dot 
welding is described. A 30-amp. single-phase supply of 
200-250-V. A.C. with a compressed air supply of 60-80 Ib./ 
sq. in. is required. This air supply operates a peening hammer 
or a rotary file attachment. The electrode holder in pistol 
form is vibrated by the air supply and a weld deposit in 
‘dot’ form is obtained each time contact is made with the 
article, the deposit is peened at the same time. No pre- or 
post-heat treatment is required. The process is used for the 
repair of castings only, as no strength is imparted to the 
joint.—v. E. 

Automatic Welding. J. Latimer. (Trans. Inst. Weld., 1952, 
15, June, 71-85). A description is given of the principal types 
of automatic welding machines, and their merits and dis- 
advantages are compared.—v. E. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


ABSTRACTS 


Cores Simplify Machining of Flash Welded Parts. J. Con- 
logue. (Iron Age, 1952, 169, May 8, 126-127). The machining 
of weld spatter from the inside of a flash-welded track roller 
assembly has been eliminated by the insertion of two shaped 
cores before welding.—aA. M. F. 

Welded Tubing Produced on Fast, Automatic Lines. F. 
Manor. (Iron Age, 1952, 169, May 29, 96-97). The Ford 
Motor Co. are using two automatic lines for the continuous 
production of welded steel tubing for drive shafts and rear- 
axle tubes. Coils of steel are fed through mills which form 
the strip into tubes, weld the seam, trim off the external 
flash with carbide tools, and roll down the internal flash with 
a special mandrel. The tubing is automatically cut to length 
before annealing.—a. M. F. 


Possible Defects in Auto-Plug Weld Joints and Methods for 
Their Prevention. M. M. Kraichik and A. V. Obukhov. 
(Avtog. Delo, 1950, No. 1, 12-16). [In Russian]. An account 
is given of an investigation of defects in the plug welding of 
low-carbon steel sheets. Pore formation could be avoided 
by using sufficiently dry and clean flux and by careful cleaning 
of the surface of the sheets. Annular non-penetration was 
found to be caused by eccentric positioning of the electrode 
with respect to the hole, and could be prevented by correct 
selection of electrode diameter.—s. kK. 

On the Problem of the Crystal Structure of the Weld Metal 
in Arc Welding. I. M. Vagapov. (Avtog. Delo, 1950, No. 1, 
27-30). [In Russian]. On the basis of information from the 
literature and from unpublished experimental investigation. 
it is concluded that the main reason for the layer structure 
of weld seams is the movement of the fused metal, periodicity 
of crystallization being of secondary importance.—s. K. 

Strength of Seams in Manual Deep Welding. Ya. M. Likh- 
tarnikov. (Avtog. Delo, 1950, No. 2, 18-21). [In Russian]. 
A statistical study of the results of static and impact tests 
on steel specimens 12, 16, 20, and 25 mm. thick, deep-welded 
with an A.C. are and coated electrodes, leads to the following 
conclusions: In butt-welded specimens the tensile strengths 
are in the range of 40-57 kg./sq. mm.; seams are more plastic 
than those obtained by ordinary welding; sheets of thickness 

- 12 mm. can be deep- welded without edge bevelling, but 
for thicker plates edges should be bevelled.—-s. k. 

Welding 18/8 Steel with Molybdenum. I. Z. Kagan. (Actog. 
Delo, 1950, No. 1, 17-18). [In Russian]. The “influence of 
molybdenum on the weldability and resistance to corrosion 
of austenitic steels (Cr 17-20%, Ni 8-10%) is considered, 
and experiments on the welding of such steels with 2~3% Mo 
are described.—s. K. 

Automatic Welding of Double-Layer Sheets with a Coating 
of O8Kh12 Steel. K. V. Liubavskii and B. I. Lazarev. (Avtog. 
Delo, 1950, No. 1, 1-10). [In Russian]. An account is given 
of a comprehensive investigation on the automatic are welding 
of sheets of low-carbon steel coated on one side with a thin 
layer of 11% Cr stainless steel. The structural and physical 
changes in each of the steels produced by the welding process 
are discussed, and the properties required of the welded 
joints are enumerated. The tensile, plastic, and impact 
properties of the double-layer steel as received, and after 
different heat-treatments, are given, and the properties of 
welds made with different electrodes are reported.—s. K. 


Manual and Mechanical Argon Arc Welding of Thin 
80KhGSA Steel. A. Ya. Brodskii and A. V. Petrov. (Avtog. 
Delo, 1950, No. 2, 14-18). [In Russian]. An investigation 
in which the mechanical properties and structures of manually 
and mechanically argon-arc welded joints between 1 mm. 
thick steel sheets were compared with those of the base 
metal, is reported. The steel contained 0:35% C, 1-02% Si, 
0-92% Mn, and 1-05% Cr. In all cases the static properties 
of the joints were as good as those of the base metal and 
the dynamic properties were satisfactory. The technique is 
said to be ready for industrial application.—s. kK. 

Some Simplifications of the Theoretical Determination of 
Deformation and Stress. I. P. Baikova. (Avtog. Delo, 1950, 
No. 2, 4-7). [In Russian]. Simplifications are described of 
the Okerblom treatment of deformation and stress in welding 
and flame or arc-cutting, in which the effects of a moving 
source of heat on the edge of a free plate are determined. 


The Influence of Welding Stresses and of the Methods of 
their Removal on the Strength of Welded Structures. D. I. 
Navrotskii. (Avtog. Delo, 1950, No. 2, 8-13). [In Russian]. 
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In the investigation described, the residual stresses and 
strengths of welded specimens were determined before and 
after stress removal by the thermoplastic, thermal, or 
mechanical methods. Stresses were determined in specimens 
1 m. long, 14 mm. thick, with a total width of 400 mm., weld 
seams being disposed symmetrically. It is concluded that 
welding stresses have no material effect on the static or 
impact strength of welded structures, and that stress removal 
is therefore unnecessary.—sS. K. 

High Yield of Weld Metal. R. A. Huseby. (Metal Progress, 
1952, 61, May, 96). A comparison is made between the tensile 
data of stainless steel weld metal and plate, and it shows that 
the yield point of the former is much higher than that of 
the latter.—n. G. B. 

Ore Bridge Span Uses Arc Welding for the First Time. 
H. E. Cable. (Iron Steel Eng., 1952, 29, June, 116-120). 
This article describes the prefabrication by shop welding of 
the cross-frame sections in the span of the new 12-ton ore and 
coal handling bridge of the Dominion Foundries and Steel 
Co., Ltd., Hamilton, Ontario.—m. pD. J. B. 

The Behaviour of Materials and Their Welded Joints at 
Low Temperatures. W. Hoffmann. (Z.V.d.J., 1952, 94, 
June 11, 519-522). Investigations, under the aegis of the 
Welding Techniques Committee of the VDI, into the strength 
of welds at temperatures ranging from ambient to — 185° C 
are reported. Three low-carbon steels, two armour steels, 
18/8 stainless steel, and a Cr—Mo steel were examined, The 
tests indicated that no adverse effect is produced by using 
commercial-grade electrodes on low-carbon steels stressed in 
tension, and that the welded armour steels withstand satis- 
factorily impact loads down to 40° to 50° C.—s. G. w. 

Some Suggested Causes of Porosity and Hot-Cracking in the 
Metal-Arc Welding of Plain Carbon Steels. A. Apold. (Sveise- 
teknikk, 1950, Dec.: Welding Res., 1952, 6, June, 58r—66r). 
The reactions between the slag and steel are discussed in 
terms of the tendencies to approach chemical equilibrium at 
each stage of the are welding process from electrode tip to 
molten pool. Theories to explain porosity and hot cracking 
are also discussed.—v. 

Stress Distribution i in Fillet Weld Connexions between Rolled 
~- Sections and Gusset Plates. I. Koeningsberger and 

H. W. Green. (Trans. Inst. Weld., 1952, 15, Feb., 13-18). 
An investigation on the best arrangement of welds for con- 
necting unsymmetrical rolled steel sections to gusset plates 
is reported. Under static loading conditions, no advantage 
is gained by using any particular arrangement.—v. E. 

The Stress-Free Annealing of Electric Welded Girders of 
Structural Steel St.52. C. M. Bohny and H. Busch. (Mitteil- 
ungen aus den Forschungsanstalten des Gutehoffnungshiitte- 
Konzerns, 1943, 10, Sept., No. 4, 59-76). The elimination 
of the welding stresses by annealing is the surest way to 
avoid rupturing and, in opposition to unannealed welded 
constructional parts, offers advantages with regard to shaping 
and selection of steel. Experiments are described in which 
web girders 6 m. long and 1 m. high (thickness 35 mm.) are 
tested before and after annealing treatments.—R. J. w. 

Forming and Welding Plated Steels for Chemical Plant. 
H. Bock. (Metall, 1942, 21, Oct., 619-624). The V- or tulip- 
shaped gap between the plated steel sheets can be electro- 
lytically welded by filing away the weld between the plating 
layer and welding this area with the plating material. Alterna- 
tively, the whole weld may be of the plating material. Several 
types of dished end and heat exchanger are illustrated and 
described.—k. G. 

Service: Chains. Jacques. (Association des Industriels 
de Belgique, Bull., 1952, No. 62, 63-70). These are notes 
on the inspection and testing of welded chains before they 
are put into service.—tT. E. D. 

Buckling Load of Welded Straps in Lattice Girders. J. 
Osterman. (Svetsaren, 1952, 17, 1, 9-12). [In Swedish]. 
Although fatigue strength of a welded framework may be 
lower than that of its riveted equivalent, it is pointed out 
that cross-straps in lattice girders are able to withstand a 
higher buckling load. It should therefore be possible to 
reduce strap dimensions and so decrease the moment of stress 
due to shape variation. Equations are presented for calculat- 
ing the increase in buckling load, and static and dynamic 
breaking tests on welded and riveted girders are described. 

Arc-Welded Pressure Piping for Hydraulic Power Stations. 
A. Leon. (Osterr. Masch. Elektrowirtschaft, 1951, 6, Apr. 30, 
147-154). The requirements of steels for welded pressure 
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pipes are discussed, and the specifications for steels for this 
purpose in Austrian hydraulic power stations are compared 
with Belgian, French, Italian, and Swedish specifications. 
The problems of brittle fracture, notch toughness, and ageing 
become more difficult as the thickness of plate increases, and 
an increase in manganese content to 1-2% for plates over 
30 mm. thick is advantageous.—n. R. M. 

Fabricating Modern Pressure Vessels.-II. (Welding Metal 
Fab., 1952, 20, June, 207-212). In the second part of this 
article (for Part I see J. Iron Steel Inst., 1952, 172, Nov., 
351) factors influencing the design and modern methods of 
constructing pressure vessels are discussed.—R. A. R. 

Investigations of Effect of Fabrication Operations Upon 
Pressure Vessel Steels. S. S. Tér and R. D. Stout. (Weld. 
Res. Council Bull., 1952, May, No. 11). In a study of the 
behaviour of steel used for fabricating pressure vessels it 
was found that shearing lowered the notch resistance seriously. 
Cold working did not affect the ductility or notch toughness 
greatly. Welding reduced the notch toughness more than 
cold-forming or strain-ageing, but the usual stress-relieving 
treatment at 1150° F. restored much of the loss of notch 
toughness due to welding. ay effects of cold-forming and 
welding were not additive. 

Welding of Boilers. K. H. Spe th. (Schweissen u. Schneiden, 
1952, 4, Apr., 101-108). Different welding processes applied 
to the construction of boilers and pressure vessels are described 
and the infiuence of carbon and sulphur in the steel is dis- 
cussed. U. E. 

Welding in Connexion with Various Tunnelling Works. 
E. R. Bidder. (Trans. Inst. Weld., 1952, 15, Apr., 43-47). 
The application of welded construction to tunnelling work 
is discussed.—v. E. 

Factors Involved in Welded Shipbuilding. E. W. Ansell. 
(Welding Metal Fab., 1952, 20, June, 213-218). The author 
discusses the advantages of welded construction over riveting 
in the shipbuilding industry.—v. E. 

Influence of Weld Technique on the Structural Design in 
Shipbuilding. H. Dohrmann. (Schweissen u. Schneiden, 1952 
4, June, 187-194). It is shown how welding and welded 
construction are replacing riveting and steel castings in ship's 
construction.—v. E. 

Industrial Brazing—-Torch Brazing. E. V. Beatson and 
H. R. Brooker. (We Iding Metal Fab., 1952, 20, June, 
220-223; July, 248 253). The torch brazing method is 
described with illustrations and practical hints are given. 

Hard Brazing in a Protective Atmosphere in Electric 
Furnaces. W. H. Hansen. (Metall, 1942, 21, Mar., 158-162) 
Brazing in a protective atmosphere requires no flux. The 
surfaces should be separated by a gap of 0-1 mm. max. for 
copper and 0-5-0-1 mm. for alloys. The brazing metal 
dissolves in the metals it joins. Various types of brazed 
joints, protective gases, mainly partly burnt town gas or 
butane, and some installations are described.—k. G. 

The Metallurgy of Soldering and Brazing. J. ©. Chaston. 
(Inst. Metallurgists, The Joining of Metals, June, 1952, 127 
145). The general principles of soldering and brazing are 
considered, particularly melting ranges, flow characteristics, 
wetting properties, film soundness, adhesion, and strength o1 
joints. Copper brazing, high-temperature brazing, silver 
soldering, and soft soldering are also dealt with.—k. EF. J. 

Titanium Aids Silver Brazing. A. S. Rose. (Jron Age, 1952, 
169, Mar. 20, 96-97). The non-brazing qualities of titanium 
have proved helpful in silver soldering a type 321 stainless- 
steel assembly in a fused chloride/sodium-chloride salt bath. 
Titanium strips around the assembly act as dams and hold 
the silver solder in place.—a. M. F. 

Soldering Stainless Steel with Soft Solder. 8. N. Lotsmanoy 
and A. S. Medvedev. (Avtog. Delo, 1950, No. 1, 18-21). 
[In Russian]. Flux action in the soft soldering of stainless 
steel is considered, and test results on joints produced by 
solders of various composition with an acid and an anti- 
corrosion flux are tabulated.—s. kK. 

Slawianoff. H. v. Neuenkirchen. (Schweissen u. Schneiden, 
1952, 4, Apr., 118-119). This is a short biography of Nicolai 
Grawilowitch Slawianoff, who invented the arc-welding 
process using a metal electrode. He obtained a Russian Patent 
in 1890.—v. E. 

New Knowledge of Gas Cutting and Effect on Gas Cutting 
Techniques. H. Kunz. (Schweissen u. Schneiden, 1952, 4, 
June, 204-210). Gas cutting techniques are discussed. The 
effect of different kinds of gases on the efficiency of the cutting 
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process is considered in detail. Preheat treatment and design 
of cutting and heating jets depend on the properties of the 
different gases such as acetylene, propane, and hydrogen. 
Gouging and Cutting Torch. H. Chappie. (Foundry, 1952, 
80, Feb., 189-190). The author briefly describes application 
of the Arcair process which uses the arc from a carbon 
electrode fed from a 400-amp. welding machine. The molten 
metal to be removed is blown away by compressed air. The 
device finds particular application in the gouging of austenitic 
steel for which the oxy-acetylene flame is unsuitable.—k. T. L. 
VNITAVTOGEN URKhS—1. Apparatus for the Oxygen-Flux 
Cutting of Chromium Steels. (Stanki i Instrument, 1950, No. 8, 
38). [In Russian]. A newly developed apparatus is described, 
in which the cutting action of oxygen on high-chromium and 
chromium nickel steels is facilitated by flux fed into the gas 
stream. After removing flux, the quality of the cut surface 
is generally so good that supplementary machining is un- 
necessary. Thicknesses up to 150 mm. can be dealt with. 


MACHINING AND MACHINABILITY 


Abrasive Belt Machine Grinds Jet Blade Aerofoils. G. Elwers. 
(Iron Age, 1952, 169, May 15, 126-128). This is a completely 
automatic machine designed to grind twisted profile sections 
of airfoils to close and consistently uniform tolerances. 
Four cams control the machine; the first is the airfoil master, 
the second keeps the abrasive belt contact normal to the 
surface at the point of grinding, the third gives a compound 
motion at the blade roots, and the fourth keeps the cutting 
speed nearly constant. A typical blade can be ground in 4$ 
min.—aA. M. F. 

The Influence of Machining and Grinding Methods on the 
Mechanical and Physical Condition of Metal Surfaces. P. 
Spear, I. R. Robinson, and K. J. B. Wolfe. (Inst. Metals 
Monograph and Report Series, 1952, No. 13, 59-100). 

Surface Grinding Machine. (Engineering, 1952, 174, July 11, 
44-45). This article describes a surface grinder produced 
by Arthur Scrivener, Ltd., Birmingham. The machine has 
a grinding wheel 10 in. in dia. and 1 in. thick driven at 
1740 r.p.m.—u. D. J. B. 

Dynatomics—A New Conception of Metal Cutting. K. R. 
Blake. (Machine Shop Mag., 1952, 18, June, 263-269; July, 
307-315). Modern concepts of metallic structure are reviewed 
in relation to the mechanism of deformation and rupture of 
metals. The importance of tool design and velocity of cutting 
are stressed and the effect of tool shape, the mechanism of 
tool failure, and the effect of tool grinding are discussed. 
The improvements in surface finish and tool life obtained by 
using carbon tetrachloride as a cutting fluid are reviewed. 

Economic Number per Batch for Work on Special Machines 
in Wire Processing. J. Billigmann. (Stahl u. Hisen, 1952, 72, 
July 3, 833-837). The economic size of lots for production 
on modern high-speed machines is discussed with reference 
to screw making. A nomogram is presented showing the 
relationship between setting-up time, time per piece, number 
per batch, and overheads.—4s. P. 

New Methods for Testing the Machinability of Gray Iron. 
E. A. Loria. (Foundry, 1952, 80, Mar., 174-175, 178-182). 
The author describes two tests. In the first the tool wear 
is measured after light cuts at commercial speeds. In the 
second the feed resulting from the application of a fixed 
lateral tool pressure is measured.-—£. T. L. 

Finishing Methods for Precision Metal Moldings. (Precision 
Met. Mold., 1952, 10, June, 45-56). Processes now used for 
the surface finishing of die castings, permanent-mould cast- 
ings, powder-metal parts, and investment and plaster-mould 
castings are reviewed.—D. H. 

Measuring the Cooling Properties of Cutting Fluids. G. M. 
Hain. (Trans. Amer. Soc. Mech. Eng., 1952, 74, Aug., 1077— 
1082). A simple technique for evaluating the cooling proper- 
ties of cutting fluids is described.—Rr. A. R. 

History and Development of Planetary Thread Rolling. 
H. D. Prutton. (Wire and Wire Products, 1952, 27, July, 
679-681). The planetary thread roller manufactured by D. H. 
Prutton Machinery Co., Cleveland, Ohio, is described.—s. @. w. 

Thread Rolling. Ya. M. Madorskii. (Stanki i Instrument, 
1950. No. 6, 18-21). [In Russian]. An experimental investiga- 
tion is described on the effect of rolling an existing thread on 
the properties of the part, with special reference to fatigue 
resistance.—S. K. 

Chromium Plating, New Life for Worn Parts. (Steel, 1952, 
180, Mar. 31, 76-77). Life of certain cutting tools may be 
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prolonged by chromium plating their cutting edges. Plate 
thickness should be about 0-00005 in., not sufficient to dull 
the edges but ample for flutes. Hardness, low coefficient of 
expansion, non-galling properties and corrosion resistance 
all contribute to the use of chromium. The plating is used 
to best advantage on tools that take a light cut.—a. M. F. 

Surface Finish Control Improved. (Steel, 1952, 180, Mar. 31, 
80-82). The development of a series of 18 standard surfaces 
ranging in roughness from 5 to 500 microinches average 
deviation from the mean is described. A diamond ruling on 
a steel-backed gold surface is used and replicas are made from 
pure nickel which is rhodium plated for corrosion and abrasion 
resistance. The blocks are primarily used for calibrating 
any instrument which reads the average depth of the surface 
roughness.—A. M. F. 

Heat-Treated Rolls Engraved Automatically. (Steel, 1952, 
180, Mar. 24, 89). A machine built by the George Gorton 
Machine Co. for milling and engraving surfaces of rolls heat- 
treated to 50 Rockwell C is described. It operates on a tracer- 
controlled principle and cuts on the curved roll surface from 
a flat master plate. Rolls 36 in. in dia. and up to 12 ft. long 
can be handled.—a. M. F. 

Standardization of the Microgeometry of Hard-Alloy 
Cutting Tools. M. O. Yakobson. (Stanki i Instrument, 1950, 
No. 6, 22-26). [In Russian]. This is a study of the fine detail 
of cutting-tool shape and surface roughness, and of the effect 
of these on the corresponding properties of machined steel 
and cast-iron surfaces. Methods of evaluating the shape and 
surface quality of the tools near the cutting edge are outlined, 
and curves are presented to show the limits of improvement 
with present shaping methods. Relationships between the 
quality of the cutting tool and that of the machined surface 
are illustrated for finishing turning, cylindrical and end 
milling, drilling, reaming, and gear-tooth milling.—s. kK. 

Instrument for Measuring the Three Components of Cutting 
Force. G. Weinhold. (Betrieb u. Fertigung, 1952, 6, Jan., 
5-8; Feb., 27-30). An instrument designed for research on 
machining at the Mechanisch-Technologisch Institut der 
Technischen Hochschule at Vienna is described. Forces in 
two directions are measured by the deflection of rings, and 
in the third direction by the deflection of a cantilever, all 
these deflections being recorded by resistance strain gauges 
and cathode-ray oscillograph.—u. R. M. 

Function of an Auxiliary Cutting Edge. S. F. Glebov. 
(Stanki i Instrument, 1950, No. 8, 21-24). [In Russian]. 
The functions of an auxiliary cutting edge are discussed on 
the basis of the results of a metallographic investigation of 
chips and their formation in the turning of specimens of axle 
steel. Chips 3 mm. thick and 4-25 mm. wide were produced, 
the cutting angle being varied from 60 to 90°. Deformation 
and shearing processes at various stages of chip formation 
are considered, and a theory of the function of the auxiliary 
cutting edge is developed.—s. kK. 

Abrasive-Liquid Machining of the Surfaces of Machine Parts 
and Tools. Sh. M. Bilik. (Stanki i Instrument, 1950, No. 9, 
9-13). [In Russian]. The investigation described deals with 
the characteristics of the process of machining by blasting 
with a mixture of liquid and abrasive, with special reference 
to the surface quality produced. Depending on conditions, 
the process polishes or removes the surface. Three types of 
installation are described, and graphs are given to show the 
following relationships: Weight of metal removed per unit 
surface area and duration of treatment; surface roughness 
and duration of treatment; rate of metal removal and the 
volumetric ratio of wet abrasive to liquid for different abrasive 
grain sizes; rate of metal removal and inclination of stream, 
distance of nozzle and air pressure for different abrasive 
grain sizes; and, surface roughness before and after treatment 
for different abrasive grain sizes.—s. K. 

Design, Production and Use of Self-Tapping and Drive 
Screws. W. Buschmann. (Osterr. Masch. Elektrowirtschaft, 
1951, 6, June 15, 222-227). The mass production of different 
types of self-tapping screws, for joining parts which may 
have to be dismantled, and drive-screws, for permanent 
fastenings, is described. A few typical uses of these fastenings 
are illustrated.—H. R. M. 

The Nature of High-Speed Processes for Cutting Steel. E. I. 
Fel’dshtein. (Stanki i Instrument, 1950, No. 12, 15-19). 
[In Russian]. On the basis of data in the literature and 
the author’s experiments, a critical examination is made 
of the application of high-speed cutting to a range of un- 
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hardened steels. His conclusions were: (1) The efficiency of 
the process is due to the very high strength at red heat and 
wear resistance of modern titanium-tungsten hard alloys and 
not to the softening of the work through high local tempera- 
tures; (2) ordinary data on the effect of temperature on 
hardness are not applicable; and (3) the steel microstructure, 
which does not change through cutting, has the greatest 
effect on cutter wear.—-s. K. 

Means and Methods for the Control of Holes up to 3 mm. 
I. A. Grigor’ev. (Stanki i Instrument, 1950, No. 7, 4-7; No. 9, 
13-17). [In Russian]. Problems involved in making measure- 
ments inside small holes are discussed, and 11 mechanical, 
optical, and optical-mechanical instruments used for this 
purpose are described and compared.—s. kK. 

Experimental Investigation of Fine Turning. A. G. Nalchan. 
(Stanki t Instrument, 1950, No. 8, 18-19). [In Russian]. The 
investigations described dealt with surface quality, cutting 
force, tool bluntness, cutting temperature, and the possibility 
of replacing diamond cutters in finishing turning. With 
adequate tool preparation, metal cutters gave surface 
qualities almost equal to those obtained with diamonds.—s. kK. 

Broaching with Reduced Cutting Force. S. A. Vol’skii and 
I. V. Kharin. (Stanki i Instrument, 1950, No. 9, 33-34). 
[In Russian]. From a consideration of the processes of 
deformation and disintegration of chips, the importance of 
providing adequate channels in broaches is pointed out.—-s. K. 

Ways of Developing Tooth-Milling. V. P. Filatov. (Stanki 
a Instrument, 1950, No. 10, 13-20). [In Russian]. From a 
detailed examination of the tooth-milling process, improve- 
ments are suggested for securing high productivity and 
surface quality.—s. K. 

Finishing Boring of Cast-Iron Bushes. L. Ya. Zvyagil’skii. 
(Stanki i Instrument, 1950, No. 11, 28). [In Russian]. An 
investigation, undertaken because of the failure of diamond 
cutters to produce a surface of sufficiently high quality inside 
cast-iron bushes, is described. Details are given of the design 
and performance of the best hard-alloy tipped cutter studied 
which secured the required surface.—s. kK. 

Increasing the Productivity of Lathe-Type Machine Tools. 
G. N. Chernkiavsi and 8. 8. Nekrasov. (Stanki i Instrument, 
1950, No. 12, 22-24). [In Russian]. The limitations on depth 
of cut and feed set by the quality requirements of turned 
surfaces are examined. New designs of cutter for producing 
high-quality surfaces under exacting machining conditions 
are described.—s. kK. 

Electric Strengthening of Tools. (Stanki i Instrument, 1950, 
No. 12, 34-35). [In Russian]. A brief account is given of a 
conference in Leningrad at which theoretical and practical 
aspects of a wide range of electrical machining and _ tool- 
strengthening processes were discussed.—s. kK. 

Apparatus for Spark Branding. A. I. Chernyshenko. (Stanki 
i Instrument, 1950, No. 11, 35-36). [In Russian]. The spark 
erosion of metal surfaces is briefly considered, and a portable 
apparatus is described in which this process is applied in 
order to imprint clear markings on metal parts.—s. kK. 

Spark Sharpening and Finishing of Hard-Alloy Cutters. 
M. N. Ulitin. (Stanki i Instrument, 1950, No. 10, 3-6). [In 
Russian]. An experimental spark-machining installation and 
work carried out to find the optimum conditions for the spark 
machining of hard-alloy cutting tools are described.—s. kK. 

Sharpening Carbide Tools by Electric Spark Method. W. N. 
Ulitin. (Machinery, 1952, 80, May 1, 760-764). This article 
is an abstract of one which appeared in Stanki i Instrument, 
1950, 21, No. 10, 3-6. It deals with “ips -voltage spark methods 
of grinding cemented carbide.—.. c. 

Electrolytic Grinding—Stubborn Alioys Less Formidable. 
G. Keeleric. (Steel, 1952, 180, Mar. 17, 84-86). Metals which 
are difficult to machine can be given excellent finishes by an 
electrochemical dissolution process similar in principle to 
electropolishing. Electrolytic grinding uses current densities 
as high as 1500 amp./sq. in. Rate of stock removal can 
amount to 0-001 in./sec. The electrolyte is a neutral solution 
of sodium salts in water.—A. M. F. 

Another Electro-Machining Method Shows Promise. I. 
Weber. (Iron Age, 1952, 169, May 29, 88-90). An electro- 
erosive machining method for carbides, combining electrolytic 
and electro-arcing effects, being developed at the American 
Frankford Arsenal is described. The carbide is connected 
in a D.C. circuit as the anode and a rotating metal disc is 
used as a cathode, sodium silicate being the electrolyte. 
Thinner wheels, more current, and higher wheel speeds all 
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contribute to faster cutting. A new machine being built will 
be capable of cutting, grinding, and boring.—a. M. F. 

Surface-Quality Standards. A. S. Smirnov. (Stanki i 
Instrument, 1950, No. 12, 22-24). [In Russian]. Long 
experience in the use of surface-quality standards under 
industrial conditions is analysed. The operational disad- 
vantages of simple plate, segment, or bar-shaped standards 
are said to outweigh their ease of preparation, and improved 
types are recommended. Suggestions, partly based on the 
study of chip shapes, are made for reducing the number of 
standards required.—s. K. 


CLEANING AND PICKLING 


Oxy-Acetylene Descaling: Procedure for Preparing Metal 
Surface before Painting. L. Mendel. (Rev. Soudure, 1952, 8, 
2, 68-79). The author makes a detailed study of the surface 
preparation of structural steelwork before erection and 
painting. After a brief review of the various types of surface 
imperfection (mill scale, rust, old paints, humidity, soiling) 
the methods of removing these are described, with special 
reference to flame descaling, the many advantages of which 
are discussed.—m. D. J. B. 

Influence of the Nature of the Scale on the Pickling of Iron. 
J. Sittard. (Metall, 1940, 19, Nov., 1008-1012). The nature 
of the scale determines whether it should be removed by 
chemical solution or by the mechanical effect of gas evolving 
at the metal surface. The former method should be used for 
smooth, dense, and uniform scale. Increasing SO,” content 
in H,SO, increases the rate of scale removal whereas the 
metal dissolution is unaffected. After pickling, the metal is 
left with a dirty surface; this can be removed mechanically, 
or by HNO, in the pickling bath, or by a separate treatment 
with it.—x. G 

A Study of Acid Pickling Solutions. E. E. Halls. (Hlectro- 
plating, 1952, 5, May, 143-150). The advantages to be 
gained from controlling time of immersion of ferrous metals 
in pickling solutions and employing inhibitors in saving metal, 
acid, and labour in subsequent finishing operations are 
discussed. J. BP. 

Chemical Analysis and Control of Alkaline Metal Cleaners. 
K. E. Langford. (Metal Finishing, 1952, 50, Mar., 66-71, 74). 

Barrel Finishing. (Product Finishing, 1952, 5, July, 62-66, 
69). The use of chemical additives to the water used in wet 
barrelling to produce more efficient and better finish on metal 
parts is discussed. No indication is given of the nature of 
these chemicals.—J. P. 

Barrel Finishing at Eureka-Williams. J. Reinholz. (Metal 
Finishing, 1952, 50, Mar. 52, 53, 62). The use of barrel 
equipment by the Eureka-Williams Corp., Bloomington, III, 
for cleaning, deburring, and polishing vacuum cleaner and 
oil-burner components is described. Because the barrelling 
requires attention only for loading, changing solutions, and 
discharging, there is a great saving of manpower as compared 
with former wheel polishing and buffing.—4. P. 

Automatic Polishing. F. Spicer. (Product Finishing, 1952, 
5, Apr., 46-51). A number of automatic polishing machines 
are illustrated. The advantages and disadvantages of auto- 
matic polishing are discussed.—J. P. 

The Physical and —— Changes which Accompany the 
Polishing of Metals. A. J. W. Moore. (J. Electrodep. Tech. 
Soc., 1952, 28, Advance aed No. 1). Phenomena, such as 
welding on a micro-scale, local hot spots, flowing, and the 
production of amorphous and deformed layers, which have 
been observed in studies of friction are shown to be akin to 
those occurring during grinding and polishing.—J. P.’ 


PROTECTIVE COATINGS 


Plating to Meet Today’s Conditions. M. B. Diggin. (Products 
Finishing, 1952, 16, Mar., 38-48). The procedures now being 
employed for protective finishes on steel because of shortages 
of nickel and cadmium, and the properties of copper- 
chromium, chromium, bright zine, silver, and alloy plated 
deposits, both as produced and after being lacquered, are 
discussed.—J. P. 

Research on er. W. Blum. (Indust. Finish- 
ing, 1952, 4, July, 952-954). The U.S. National Bureau of 
Standards has, since 1913, been carrying out basic and applied 
research in the field of electrodeposition. An _ historical 
survey of the Bureau’s work on printing plates, chromium 
plating, and nickel deposition is given.—u. F. 
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process is considered in detail. Preheat treatment and design 
of cutting and heating jets depend on the properties of the 
different gases such as acetylene, propane, and hydrogen. 
Gouging and Cutting Torch. H. Chappie. (Foundry, 1952, 
80, Feb., 189-190). The author briefly describes application 
of the Arcair process which uses the arc from a carbon 
electrode fed from a 400-amp. welding machine. The molten 
metal to be removed is blown away by compressed air. The 
device finds particular application in the gouging of austenitic 
steel for which the oxy-acetylene flame is unsuitable.—®. T. L. 
VNITAVTOGEN URKhS—1. Apparatus for the Oxygen-Flux 
Cutting of Chromium Steels. (Stanki i Instrument, 1950, No. 8, 
38). [In Russian]. A newly developed apparatus is described, 
in which the cutting action of oxygen on high-chromium and 
chromium nickel steels is facilitated by flux fed into the gas 
stream. After removing flux, the quality of the cut surface 
is generally so good that supplementary machining is un- 
necessary. Thicknesses up to 150 mm. can be dealt with. 


MACHINING AND MACHINABILITY 


Abrasive Belt Machine Grinds Jet Blade Aerofoils. G. Elwers. 
(Iron Age, 1952, 169, May 15, 126-128). This is a completely 
automatic machine designed to grind twisted profile sections 
of airfoils to close and consistently uniform tolerances. 
Four cams control the machine; the first is the airfoil master, 
the second keeps the abrasive belt contact normal to the 
surface at the point of grinding, the third gives a compound 
motion at the blade roots, and the fourth keeps the cutting 
speed nearly constant. A typical blade can be ground in 4$ 
min.—aA. M. F. 

The Influence of Machining and Grinding Methods on the 
Mechanical and Physical Condition of Metal Surfaces. P. 
Spear, I. R. Robinson, and K. J. B. Wolfe. (Inst. Metals 
Monograph and Report Series, 1952, No. 13, 59-100). 

Surface Grinding Machine. (Engineering, 1952, 174, July 11, 
44-45). This article describes a surface grinder produced 
by Arthur Scrivener, Ltd., Birmingham. The machine has 
a grinding wheel 10 in. in dia. and 1 in. thick driven at 
1740 r.p.m.—u. D. J. B. 

Dynatomics—A New Conception of Metal Cutting. K. R. 
Blake. (Machine Shop Mag., 1952, 18, June, 263-269; July, 
307-315). Modern concepts of metallic structure are reviewed 
in relation to the mechanism of deformation and rupture of 
metals. The importance of tool design and velocity of cutting 
are stressed and the effect of tool shape, the mechanism of 
tool failure, and the effect of tool grinding are discussed. 
The improvements in surface finish and tool life obtained by 
using carbon tetrachloride as a cutting fluid are reviewed. 

Economic Number per Batch for Work on Special Machines 
in Wire Processing. J. Billigmann. (Stahl u. Hisen, 1952, 72, 
July 3, 833-837). The economic size of lots for production 
on modern high-speed machines is discussed with reference 
to screw making. A nomogram is presented showing the 
relationship between setting-up time, time per piece, number 
per batch, and overheads.—,. P. 

New Methods for Testing the Machinability of Gray Iron. 
E. A. Loria. (Foundry, 1952, 80, Mar., 174-175, 178-182). 
The author describes two tests. In the first the tool wear 
is measured after light cuts at commercial speeds. In the 
second the feed resulting from the application of a fixed 
lateral tool pressure is measured.—®. T. L. 

Finishing Methods for Precision Metal Moldings. (Precision 
Met. Mold., 1952, 10, June, 45-56). Processes now used for 
the surface finishing of die castings, permanent-mould cast- 
ings, powder-metal parts, and investment and plaster-mould 
castings are reviewed.—D. H. 

Measuring the Cooling Properties of Cutting Fluids. G. M. 
Hain. (Trans. Amer. Soc. Mech. Eng., 1952, 74, Aug., 1077- 
1082). A simple technique for evaluating the cooling proper- 
ties of cutting fluids is described.—R. A. R. 

History and Development of Planetary Thread Rolling. 
H. D. Prutton. (Wire and Wire Products, 1952, 27, July, 
679-681). The planetary thread roller manufactured by D. H. 
Prutton Machinery Co., Cleveland, Ohio, is described.—s. G. w. 

Thread Rolling. Ya. M. Madorskii. (Stanki i Instrument, 
1950. No. 6, 18-21). [In Russian]. An experimental investiga- 
tion is described on the effect of rolling an existing thread on 
the properties of the part, with special reference to fatigue 
resistance.—S. K. 

Chromium Plating, New Life for Worn Parts. (Steel, 1952, 
180, Mar. 31, 76-77). Life of certain cutting tools may be 
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prolonged by chromium plating their cutting edges. Plate 
thickness should be about 0-:00005 in., not sufficient to dull 
the edges but ample for flutes. Hardness, low coefficient of 
expansion, non-galling properties and corrosion resistance 
all contribute to the use of chromium. The plating is used 
to best advantage on tools that take a light cut.—a. M. F. 

Surface Finish Control Improved. (Steel, 1952, 180, Mar. 31, 
80-82). The development of a series of 18 standard surfaces 
ranging in roughness from 5 to 500 microinches average 
deviation from the mean is described. A diamond ruling on 
a steel-backed gold surface is used and replicas are made from 
pure nickel which is rhodium plated for corrosion and abrasion 
resistance. The blocks are primarily used for calibrating 
any instrument which reads the average depth of the surface 
roughness.—A. M. F. 

Heat-Treated Rolls Engraved Automatically. (Steel, 1952, 
180, Mar. 24, 89). A machine built by the George Gorton 
Machine Co. for milling and engraving surfaces of rolls heat- 
treated to 50 Rockwell C is described. It operates on a tracer- 
controlled principle and cuts on the curved roll surface from 
a flat master plate. Rolls 36 in. in dia. and up to 12 ft. long 
can be handled.—a. m. F. 

Standardization of the Microgeometry of Hard-Alloy 
Cutting Tools. M. O. Yakobson. (Stanki i Instrument, 1950, 
No. 6, 22-26). [In Russian]. This is a study of the fine detail 
of cutting-tool shape and surface roughness, and of the effect 
of these on the corresponding properties of machined steel 
and cast-iron surfaces. Methods of evaluating the shape and 
surface quality of the tools near the cutting edge are outlined, 
and curves are presented to show the limits of improvement 
with present shaping methods. Relationships between the 
quality of the cutting tool and that of the machined surface 
are illustrated for finishing turning, cylindrical and end 
milling, drilling, reaming, and gear-tooth milling.—s. kK. 

Instrument for Measuring the Three Components of Cutting 
Force. G. Weinhold. (Betrieb u. Fertigung, 1952, 6, Jan., 
5-8; Feb., 27-30). An instrument designed for research on 
machining at the Mechanisch-Technologisch Institut der 
Technischen Hochschule at Vienna is described. Forces in 
two directions are measured by the deflection of rings, and 
in the third direction by the deflection of a cantilever, all 
these deflections being recorded by resistance strain gauges 
and cathode-ray oscillograph.—n. R. M. 

Function of an Auxiliary Cutting Edge. S. F. Glebov. 
(Stanki i Instrument, 1950, No. 8, 21-24). [In Russian]. 
The functions of an auxiliary cutting edge are discussed on 
the basis of the results of a metallographic investigation of 
chips and their formation in the turning of specimens of axle 
steel. Chips 3 mm. thick and 4-25 mm. wide were produced, 
the cutting angle being varied from 60 to 90°. Deformation 
and shearing processes at various stages of chip formation 
are considered, and a theory of the function of the auxiliary 
cutting edge is developed.—s. kK. 

Abrasive-Liquid Machining of the Surfaces of Machine Parts 
and Tools. Sh. M. Bilik. (Stanki i Instrument, 1950, No. 9, 
9-13). [In Russian]. The investigation described deals with 
the characteristics of the process of machining by blasting 
with a mixture of liquid and abrasive, with special reference 
to the surface quality produced. Depending on conditions, 
the process polishes or removes the surface. Three types of 
installation are described, and graphs are given to show the 
following relationships: Weight of metal removed per unit 
surface area and duration of treatment; surface roughness 
and duration of treatment; rate of metal removal and the 
volumetric ratio of wet abrasive to liquid for different abrasive 
grain sizes; rate of metal removal and inclination of stream, 
distance of nozzle and air pressure for different abrasive 
grain sizes; and, surface roughness before and after treatment 
for different abrasive grain sizes.—s. K. 

Design, Production and Use of Self-Tapping and Drive 
Screws. W. Buschmann. (Osterr. Masch. Elektrowirtschaft, 
1951, 6, June 15, 222-227). The mass production of different 
types of self-tapping screws, for joining parts which may 
have to be dismantled, and drive-screws, for permanent 
fastenings, is described. A few typical uses of these fastenings 
are illustrated.—n. R. M. 

The Nature of High-Speed Processes for Cutting Steel. E. I. 
Fel’dshtein. (Stanki « Instrument, 1950, No. 12, 15-19). 
[In Russian]. On the basis of data in the literature and 
the author’s experiments, a critical examination is made 
of the application of high-speed cutting to a range of un- 
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hardened steels. His conclusions were: (1) The efficiency of 
the process is due to the very high strength at red heat and 
wear resistance of modern titanium-—tungsten hard alloys and 
not to the softening of the work through high local tempera- 
tures; (2) ordinary data on the effect of temperature on 
hardness are not applicable; and (3) the steel microstructure, 
which does not change through cutting, has the greatest 
effect on cutter wear.—s. K. 

Means and Methods for the Control of Holes up to 3 mm. 
I. A. Grigor’ev. (Stanki i Instrument, 1950, No. 7, 4-7; No. 9, 
13-17). [In Russian]. Problems involved in making measure- 
ments inside small holes are discussed, and 11 mechanical, 
optical, and optical-mechanical instruments used for this 
purpose are described and compared.—-s. kK. 

Experimental Investigation of Fine Turning. A. G. Nalchan. 
(Stanki i Instrument, 1950, No. 8, 18-19). [In Russian]. The 
investigations described dealt with surface quality, cutting 
force, tool bluntness, cutting temperature, and the possibility 
of replacing diamond cutters in finishing turning. With 
adequate tool preparation, metal cutters gave surface 
qualities almost equal to those obtained with diamonds.—-s. kK. 

Broaching with Reduced Cutting Force. S. A. Vol’skii and 
I. V. Kharin. (Stanki i Instrument, 1950, No. 9, 33-34). 
[In Russian]. From a consideration of the processes of 
deformation and disintegration of chips, the importance of 
providing adequate channels in broaches is pointed out.—s. K. 

Ways of Developing Tooth-Milling. V. P. Filatov. (Stanki 
4 Instrument, 1950, No. 10, 13-20). [In Russian]. From a 
detailed examination of the tooth-milling process, improve- 
ments are suggested for securing high productivity and 
surface quality.—s. K. 

Finishing Boring of Cast-Iron Bushes. L. Ya. Zvyagil’skii. 
(Stanki i Instrument, 1950, No. 11, 28). [In Russian]. An 
investigation, undertaken because of the failure of diamond 
cutters to produce a surface of sufficiently high quality inside 
cast-iron bushes, is described. Details are given of the design 
and performance of the best hard-alloy tipped cutter studied 
which secured the required surface.—s. kK. 

Increasing the Productivity of Lathe-Type Machine Tools. 
G. N. Chernkiavsi and 8. 8. Nekrasov. (Stanki i Instrument, 
1950, No. 12, 22-24). [In Russian]. The limitations on depth 
of cut and feed set by the quality requirements of turned 
surfaces are examined. New designs of cutter for producing 
high-quality surfaces under exacting machining conditions 
are described.—s. kK. 

Electric Strengthening of Tools. (Stanki i Instrument, 1950, 
No. 12, 34-35). [In Russian]. A brief account is given of a 
conference in Leningrad at which theoretical and practical 
aspects of a wide range of electrical machining and _tool- 
strengthening processes were discussed.—s. kK. 

Apparatus for Spark Branding. A. I. Chernyshenko. (Stanki 
i Instrument, 1950, No. 11, 35-36). [In Russian]. The spark 
erosion of metal surfaces is briefly considered, and a portable 
apparatus is described in which this process is applied in 
order to imprint clear markings on metal parts.—s. kK. 

Spark Sharpening and Finishing of Hard-Alloy Cutters. 
M. N. Ulitin. (Stanki i Instrument, 1950, No. 10, 3-6). [In 
Russian]. An experimental spark-machining installation and 
work carried out to find the optimum conditions for the spark 
machining of hard-alloy cutting tools are described.—s. k. 

Sharpening Carbide Tools by Electric Spark Method. W. N. 
Ulitin. (Machinery, 1952, 80, May 1, 760-764). This article 
is an abstract of one which appeared in Stanki i Instrument, 
1950, 21, No. 10, 3-6. It deals with low-voltage spark methods 
of grinding cemented carbide.—®. c. s. 

Electrolytic Grinding—Stubborn Alloys Less Formidable. 
G. Keeleric. (Steel, 1952, 180, Mar. 17, 84-86). Metals which 
are difficult to machine can be given excellent finishes by an 
electrochemical dissolution process similar in principle to 
electropolishing. Electrolytic grinding uses current densities 
as high as 1500 amp./sq. in. Rate of stock removal can 
amount to 0-001 in./sec. The electrolyte is a neutral solution 
of sodium salts in water.—a. M. F. 

Another Electro-Machining Method Shows Promise. I. 
Weber. (Iron Age, 1952, 169, May 29, 88-90). An electro- 
erosive machining method for carbides, combining electrolytic 
and electro-arcing effects, being developed at the American 
Frankford Arsenal is described. The carbide is connected 
in a D.C. circuit as the anode and a rotating metal disc is 
used as a cathode, sodium silicate being the electrolyte. 
Thinner wheels, more current, and higher wheel speeds all 
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contribute to faster cutting. A new machine being built will 
be capable of cutting, grinding, and boring.— a. M. F. 

Surface-Quality Standards. A. S. Smirnov. (Stanki i 
Instrument, 1950, No. 12, 22-24). [In Russian]. Long 
experience in the use of surface-quality standards under 
industrial conditions is analysed. The operational disad- 
vantages of simple plate, segment, or bar-shaped standards 
are said to outweigh their ease of preparation, and improved 
types are recommended. Suggestions, partly based on the 
study of chip shapes, are made for reducing the number of 
standards required.—-s. kK. 


CLEANING AND PICKLING 


Oxy-Acetylene Descaling: Procedure for Preparing Metal 
Surface before Painting. L. Mendel. (Rev. Soudure, 1952, 8, 
2, 68-79). The author makes a detailed study of the surface 
preparation of structural steelwork before erection and 
painting. After a brief review of the various types of surface 
imperfection (mill scale, rust, old paints, humidity, soiling) 
the methods of removing these are described, with special 
reference to flame descaling, the many advantages of which 
are discussed.—m. D. J. B. 

Influence of the Nature of the Scale on the Pickling of Iron. 
J. Sittard. (Metall, 1940, 19, Nov., 1008-1012). The nature 
of the scale determines whether it should be removed by 
chemical solution or by the mechanical effect of gas evolving 
at the metal surface. The former method should be used for 
smooth, dense, and uniform scale. Increasing SO,” content 
in H,SO, increases the rate of scale removal whereas the 
metal dissolution is unaffected. After pickling, the metal is 
left with a dirty surface; this can be removed mechanically, 
or by HNO, in the pickling bath, or by a separate treatment 
with it.—k. G. 

A Study of Acid Pickling Solutions. E. E. Halls. (Hlectro- 
plating, 1952, 5, May, 143-150). The advantages to be 
gained from controlling time of immersion of ferrous metals 
in pickling solutions and employing inhibitors in saving metal, 
acid, and labour in subsequent finishing operations are 
discussed.—J. P. 

Chemical Analysis and Control of Alkaline Metal Cleaners. 
K. E. Langford. (Metal Finishing, 1952, 50, Mar., 66-71, 74). 

Barrel Finishing. (Product Finishing, 1952, 5, July, 62-66, 
69). The use of chemical additives to the water used in wet 
barrelling to produce more efficient and better finish on metal 
parts is discussed. No indication is given of the nature of 
these chemicals.—,J. P. 

Barrel Finishing at Eureka-Williams. J. Reinholz. (Metal 
Finishing, 1952, 50, Mar. 52, 53, 62). The use of barrel 
equipment by the Eureka-Williams Corp., Bloomington, IIL, 
for cleaning, deburring, and polishing vacuum cleaner and 
oil-burner components is described. Because the barrelling 
requires attention only for loading, changing solutions, and 
discharging, there is a great saving of manpower as compared 
with former wheel polishing and buffing.—4J. P. 

Automatic Polishing. F. Spicer. (Product Finishing, 1952, 
5, Apr., 46-51). A number of automatic polishing machines 
are illustrated. The advantages and disadvantages of auto- 
matic polishing are discussed.—J. P. 

The Physical and Chemical Changes which Accompany the 
Polishing of Metals. A. J. W. Moore. (J. Electrodep. Tech. 
Soc., 1952, 28, Advance Copy No. 1). Phenomena, such as 
welding on a micro-scale, local hot spots, flowing, and the 
production of amorphous and deformed layers, which have 
been observed in studies of friction are shown to be akin to 
those occurring during grinding and polishing.—J. P.’ 


PROTECTIVE COATINGS 


Plating to Meet Today’s Conditions. M. B. Diggin. (Products 
Finishing, 1952, 16, Mar., 38-48). The procedures now being 
employed for protective finishes on steel because of shortages 
of nickel and cadmium, and the properties of copper- 
chromium, chromium, bright zinc, silver, and alloy plated 
deposits, both as produced and after being lacquered, are 
discussed.—J. P. 

Research on Electrodeposition. W. Blum. (Indust. Finish- 
ing, 1952, 4, July, 952-954). The U.S. National Bureau of 
Standards has, since 1913, been carrying out basic and applied 
research in the field of electrodeposition. An _ historical 
survey of the Bureau’s work on printing plates, chromium 
plating, and nickel deposition is given.—u. F. 
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The Engineering Applications of Electrodeposited Metals. 
I. W. Oswald. (Indust. Finishing, 1952, 4, Mar., 600-605). 
This is a short survey of the uses, application properties, 
hardness, and limitations of silver, nickel, chromium, cad- 
mium, and zine when deposited by electrolytic process, as 
applied to the engineering industry.—Hh. F. 

The Role of Chelating Agents in the Plating Industry. H. 
Narcus. (Metal Finishing, 1952, 50, Mar., 54-62). The 
properties are discussed of ethylene diamine tetracetic acid 
and its sodium salts as chelating agents for reducing the 
activity of certain heavy metal ions in solution. The com- 
plexes are stable to high temperatures and high pH’s and 
are thus of great advantage in cleaning baths where they 
prevent precipitation of calcium or other heavy metal com- 
pounds or soaps on work being processed. By removing 
calcium, magnesium, iron, copper, and tin from dye solutions 
they can eliminate the effects of these ions on the colour of 
dyed anodized coatings. These agents can maintain a low 
ionie concentration in certain plating baths.—s. Pp. 

An Electron-Diffraction Investigation of the Structure of 
Electrodeposited Coatings on Iron Single Crystals. D. J. Evans 
and M. R. Hopkins. (J. Electrodep. Tech. Soc., 1952, 28, 
Advance Copy No. 8). Zinc, copper, and nickel have been 
deposited in very thin layers on single crystals of iron, having 
planes of high Miller indices parallel to the surface. In the 
cases of hexagonal close-packed zinc and nickel, the (001) 
plane of the deposit was parallel to the (110) plane of the 
iron. Face-centred cubic nickel (the more normal form) and 
copper deposited with their (111) planes parallel to the (110) 
planes of the substrate. The orientation of the deposit with 
respect to that of the substrate appears to be independent of 
the crystallographic disposition of the surface of the sub- 
strate.—J. P. 

The Properties of Metallic Coatings Produced by Evaporation 
and Sputtering. S. Tolansky. (J. Electrodep. Tech. Soc., 
1952, 28, Advance Copy No. 3). The procedures employed 
for cathodic sputtering and thermal evaporation of metals 
and the properties of the deposits so obtained are discussed. 
An evaporation apparatus developed by the author, for which 
certain advantages are claimed, and the methods used to coat 
with aluminium the 200-in. mirror for the Mount Palomar 
Observatory telescope are described.—J. P. 

Throwing Power and Covering Power in Electroplating 
Solutions. W. de Bruijn. (J. Electrodep. Tech. Soc., 1951, 27, 
I-11). The influence of primary and secondary current 
distribution and polarization on throwing power and metal 
distribution is discussed. The requirements of a solution to 
fill up defects and scratches oppose those for covering power. 
Practical hints on throwing power are given.—4J. P. 

Standard Finishing Specifications. F. L. Bonem. (Products 
Finishing, 1952, 16, May, 22-32). The standard procedures 
laid down by Taylor Instruments Co. for preparing the base 
metal, and applying electrodeposits, paints, and lacquers, to 
a wide range of instrument components are discussed.—J. P. 

Preparation and Maintenance of Copper and Zine Plating 
Baths Using Substitute Methods. M. B. Diggin. (Products 
Finishing, 1952, 16, Apr., 40-54). The shortages of chemicals 
for making up copper and zine plating baths necessitate 
finding alternatives. Methods are given for preparing cyanide 
copper baths from copper carbonate, cuprous and cupric 
oxides, copper hydroxide or metallic copper and zine cyanide 
baths from zine oxide or metallic zine.—4J. P. 

Conveyor Applications in the Finishing Industry. A. P. 
Schulze and F. L. Bonem. (Products Finishing, 1952, 16, 
Apr., 22-36; May, 34-48). The types and construction of the 
different conveyor systems employed in progressing work 
through a plating plant are discussed and illustrated.—s. P. 

Spray Finishing Automotive Parts Automatically. I. L. 
Bonem. (Products Finishing, 1952, 16, Feb., 20-30). The 
process of forming motor-car window and windshield mould- 
ings from steel strip, cleaning, and spray painting them is 
described and illustrated.—,. Pp. 

Utah General Depot Re-Finishing Plant. B. Walker. (Metal 
Finishing, 1952, 50, Apr., 81, 82). The procedures used by 
the U.S. Quartermaster Corps for renovating miscellaneous 
plated service components and articles are briefly discussed. 

Formation of Metallic Coatings by Vapour Phase Techniques. 
C. F. Powell and I. E. Campbell. (Metal Finishing, 1952, 50, 
Apr., 64-69). Methods of producing deposits by reduction 
or thermal decomposition of gaseous metal compounds are 
described; the compounds employed are usually halides and 
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the reducing agent or carrier gas is hydrogen, helium, or 
argon. Apparatus for internal coating of nozzles and con- 
tinuous coating of wire are illustrated. The effects of deposi- 
tion temperature, halide concentration, and impurities on 
physical properties such as adhesion, ductility, and uni- 
formity are discussed.—J. P. 

Retarded and Arrested Electrolytic Processes. KR. Weiner. 
(Werkstoffe u. Korrosion, 1951, 2, Jan., 2-9). A distinction 
is drawn between retarded processes, in which the reactions 
follow the same course as the original reactions but at different 
rates, and arrested processes, in which secondary reactions 
are set up which actually interrupt the course of the original 
reactions. Examples of both processes are discussed.—H. R. M. 

Diffusion Coatings. D. M. Dovey, I. Jenkins, and K. C. 
Randle. (Inst. Metals Monograph and Report Series, 1952, 
No. 13, 213-236). This is a critical review, in which the 
mechanism of the cementation process is related to the 
adsorption and diffusion of the coating element. Attention 
is confined to gaseous coating, particularly of metals on steel, 
and controlled-atmosphere case-hardening is dealt with. 

A Method for the Determination of Stresses Produced on 
Electrodeposition by Using Electrical Strain Gauges. E. G. 
Ramachandran and K. V. Chinnappa. (Trans. Indian Inst. 
Met., 1950, 4, 173-181). A theory is developed relating the 
thickness of deposit to the stresses produced in the basis 
metallic strip and its distortion. Stresses in thick deposits 
are calculated using this theory. In the case of a nickel 
deposit on steel the calculated stress was within 8% of the 
values obtained with strain gauges.—D. H. 

Plating Powder Metal Compacts. (Hlectroplating, 1952, 5, 
June, 201). It is claimed in B.P. 659,073 that corrosion due 
to chemicals entrapped during electroplating of sintered 
compacts may be eliminated by carrying out the plating 
before the final sintering. Volatile electrolytes must be 
employed.—4. P. 

Electrolytic Recovery of Plated Iron Scrap. H. Barchmann. 
(Metall, 1942, 21, Oct., 631-633). Descriptions are given 
of electrolytic processes for recovering plated metals from 
plated iron and steel scrap, using alkaline cyanide baths. 
Copper and its alloys are anodically dissolved whereas the 
iron remains passive, and is deposited at the cathode. The 
baths can be run for 12 months before renewal.—k. G. 

Ion Exchange in Metallurgical Waste Problems. |. X. 
McGarvey. (Chem. Age, 1952, 66, June 21, 935-940; June 28, 
965-966). The theory of operation of ion exchange resin 
beds is explained and the capacity of various resins for common 
metals is given. Recovery and regeneration cycles for 
copper, zinc, chromium, and cyanide residues are suggested, 
and others are mentioned. (15 references).—T. E. D. 

The Plating Wastes Problem from the Electroplater’s View- 
point. A. K. Graham and H. L. Pinkerton. (Federation of 
Sewage and Industrial Wastes Associations: Plating, 1952, 
39, June, 619-621). Some of the problems associated with 
the discharge of plating room wastes to municipal sewers 
are indicated and discussed.—J. P. 

Profitable Chromate Wastes. C. I. Paulson. (Metal Finish- 
ing, 1952, 50, May, 48, 49, 56). The methods by which cations 
can be removed from chromate solutions and made re-usable 
for anodizing, stripping, pickling, and sealing, and the 
recovery of chromic acid from chromium-plating rinse waters 
using cation and anion exchange resins are described.—J. P. 

Health Hazards in Electroplating Plants. H. M. L. Murray. 
(Metal Finishing, 1952, 50, May, 62-66). The risks to health 
from dusts, chemical liquids, and organic solvents are 
discussed. Hazards arising from various plating operations 
and precautions to be taken are dealt with.—1. P. 

Electrodeposition Researches at the National Bureau of 
Standards. W. Blum. (Amer. Electropl. Soc., 38th Annual 
Proc., Tech. Sessions, 1951, July—Aug., 33-36). A brief outline 
of the history and typical activities of the Electrodeposition 
Section of the Electroplaters’ Society is given.—t. E. D. 

Practical Applications of Diaphragm Tanks in the Electro- 
plating Industry. E. A. Blount. (Amer. Electropl. Soc., 38th 
Annual Proc., Tech. Sessions, 1951, July—Aug., 49-61). The 
historical development and mechanism of operation of 
diaphragm tanks are outlined and illustrated.—t. E. D. 

Advantages of Simplicity in the Electro-Plating of Auto- 
mobile Bumpers. D. H. Schantz. (Amer. Electropl. Soc., 
38th Annual Proc., Tech. Sessions, 1951, July—Aug., 67-73). 
The elimination of copper flash in the plating sequence has 
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resulted in a simplified overall procedure. The new nickel 
and chromium plating sequences are given.—T. E. D. 

Evaluation of Quality of Electrodeposited Coatings. C. 
Durbin. (Amer. Electropl. Soc., 38th Annual Proc., Tech. 
Sessions, 1951, July—Aug., 119-132). Details and some results 
of exposure tests on copper—nickel—chromium on zinc-base 
die castings are given. The evaluation of the wear resistance 
of chromium on steel or cast iron is mentioned. The impor- 
tance of the correct selection of tests is emphasized, and 
thickness, ductility, hardness, and other tests are outlined. 

Operating Control for Optimum Plating Characteristics. 
R. O. Hull and J. B. Winters. (Amer. Electropl. Soc., 38th 
Annual Proc., Tech. Sessions, 1951, July—Aug., 133-154). 
Items that should be checked daily by the foreman are 
enumerated. The methods of control of bath composition 
are then described in detail. Methods of analysis are given, 
with all information on reagents, standard solutions, and 
step-by-step procedures for the estimation of cadmium, zinc, 
ceyanide-copper, and nickel baths, and also pH. Plating test 
control using the Hull cell is described and illustrated, and 
photographs of many Hull-cell panels showing the effects 
of various plating conditions are included. Some notes are 
given on the control of specific baths.—t. EF. D. 

Some Practical Considerations of Current Distribution. R. A. 
Schaefer and H. Pochapsky. (Amer. Electropl. Soc., 38th 
Annual Proc., Tech. Sessions, 1951, July—Aug., 155-166). 
Values of throwing power obtained in a Haring and Blum 
cell are said to be only a qualitative guide to metal distribution 
under particular conditions. The importance of tank and 
electrode geometry in metal distribution is emphasized, and 
examples of the contours of deposition with flat, projecting, 
and recessed cathodes are given. The effects of agitation and 
temperature are mentioned, and the influence of additions 
such as molasses or gelatine on throwing power is indicated. 
Electrical factors are also considered.—t. E. D. 

Rinsing-—-An Important Auxiliary Operation. J. Liger. 
(Mét. Constr. Méc., 1952, 84, Mar., 185; Apr., 261-263). 
Some results of careless rinsing after electrolytic plating are 
pointed out and the advantages of hot-water rinsing are 
considered.—R. Ss. 

A Magnetic Thickness Gauge of New Design. [. G. Harrison. 
(J. Sci. Instruments, 1952, 29, Mar., 89-91). The thickness of 
non-magnetic coatings on magnetic base metals is determined 
by the force of adhesion of a small magnetic element. The 
instrument described employs a movable permanent magnet 
to produce the balancing force; the same magnet energizes 
the soft iron element by induction. The range of a modified 
instrument is 0-0001—-0-001 in. with an accuracy better 
than 10%.—H. D. w. 

Electromagnetic Measurement of the Thickness of Surface 
Layers on Iron. H. Sommeregger. (Metall, 1942, 21, Oct., 
629-630). For a constant air gap, a non-magnetic surface 
layer over a magnetic alloy will affect the inductance of an 
A.C. coil, the inductance being inversely proportional to the 
thickness of the non-magnetic layer. By calibration with a 
layer of known thickness, thicknesses of similar layers can 
be determined over a range 0-1-5 mm.—k. G. 

Measuring Deposit Thickness. F. Spicer. (Product Finishing, 
1952, 5, May, 40-43). The Krouse Magnifying Micrometer 
and Comparator Gauge for measuring the thickness of 
magnetic or non-magnetic coatings on magnetic or non- 
magnetic substrates and the X-ray fluorescence method for 
measuring tin coating thickness are briefly described.—J. P. 

Note on Draft Specification DIN 50953 [Spot Test for the 
Thickness of Thin Chromium Coatings]. G. Schikorr. (Werk- 
stoffe u. Korrosion, 1952, 3, July, 274-276). Draft Specification 
DIN 50953 is intended as a German version of Standard 
A 219-45T—‘ Methods of Test for Local Thickness of Electro- 
deposited Coatings ’"—of the A.S.T.M. In this test the time 
taken by a drop of HCl to penetrate the coating is determined. 
As the conversion factor rises steeply for temperatures above 
25° C., the German draft specification limits the permissible 
testing range to 16-24°C., instead of 18-30°C. as in the 
A.S.T.M. standard.—J. c. H. 

The Effect of Indium Sulphate in Chromium Plating Baths. 
N. Hackerman and T. Jensen. (J. Electrochem. Soc., 1952, 
99, Feb., 60-63). The addition of 38-7 g. of indium sulphate 
to a regular 250-g./1. CrO3, 2-5-g./l. H,SO, chromium plating 
solution permitted the formation of bright electrodeposits at 
32° C. at current densities considerably above the accepted 
bright plating range. The deposits were more nearly free 


DECEMBER, 1952 


445 


from cracks and much smoother than those normally formed, 
and were more corrosion-resistant as judged by the salt drop 
test. They were more adherent to steel and copper than 
are deposits from a regular bath in the bright range.—s. Pp. 

Properties of Chromium Plate. A. G. Gray. (Products 
Finishing, 1952, 16, Feb., 54-70). The work carried out at 
the U.S. Bureau of Standards on the mechanical properties 
of chromium-plated steel is discussed. A deposit of chromium 
reduces the plastic deformation before fracture in all types 
of test except the tensile impact. The amount of deformation 
ean be increased by baking the specimens, the increase 
depending on the temperature of baking. The endurance 
limit of steel is also reduced by chromium plating and 
increased again by baking.—s. P. 

Clear Protective Coatings for Copper-Chromium Plate. W. R. 
Fuller. (Plating, 1952, 39, June, 616-618 622). The shortage 
of nickel has forced the producer and user of copper—nickel 
chromium or nickel-chromium electrodeposits to look for 
alternatives. Copper-chromium deposits have satisfactory 
qualities in some respects but they lack corrosion resistance. 
The development of a clear lacquer to protect such deposits 
is described. Of a wide range of materials tested, only a 
combination of alkyd and amino resins and one of Epon 
ester and amino resin possessed adequate hardness, toughness, 
and adhesion. Directions are given for preparing chromium 
to receive the lacquer, as well as on coating thickness, baking 
cycles, stripping, and coating repair.—J. P. 

Chromium Plating Baths Containing Fluorides or Fluo- 
silicates. T. A. Hood. (Metal Finishing, 1952, 50, June, 
103-106, 112). Chromium-plating baths containing fluorides 
or fluosilicates have several advantages over the conventional 
bath containing sulphuric acid, the most important being 
faster plating speed, better throwing power, and_ higher 
efficiency.— J. P. 

Nickel Plating Alternatives. G. 
Finishing, 1952, 4, May, 787-788). 
substitute for nickel plating appears to be electrodeposited 
A new bronze plating process using a solution of 
The deposits obtained 


Schmerling. (Indust. 
The most satisfactory 


bronze. 
a cyanide type has been announced. 
are remarkably free from porosity and give steel and other 
metals a high degree of protection. The deposit is in a similar 
hardness range to nickel and the coatings can be readily 
buffed to a high finish.—n. F. 

Zinc Protects Trailer Parts from Corrosion. W. G. Patton. 
(Iron Age, 1952, May 29, 82-84). A zine protective 
coating, Zincilate 300, developed by the Industrial Metal 
Protectives Inc., Dayton, is being used successfully to replace 
cadmium coating as a protection against corrosion. The 
material can be applied by brush, spray, or dip.—a. M. F. 

Hot-Dip Galvanising of Tubes. K. Haarmann. (Stahl wu. 
Eisen, 1952, 72, July 3, 805-811). The operational procedures 
for the galvanizing of tubes in the U.S.A. are compared with 
those in Europe. Items discussed are: Cleaning and pickling; 
fluxing; mechanical equipment for introducing tubes into and 
removing them from the bath and cleaning them after 
galvanizing; heating of the zine bath by circulating gases, 
electric or gas immersion tubes, induction coils and radiant 
heaters; and recovery of zinc from dross. It is concluded 
that leading European tube galvanizing plants compare 
favourably with those in America on an economic basis.—J. P. 

American Methods of Galvanising Steel Wire and Steel Wire 
Products. P. Hillesheim. (Stahl u. Eisen, 1952, 72, July 3, 
812-819). The methods employed in ten galvanizing plants 
in the U.S.A. are described. The quality of American gal- 
vanized wire is not appreciably better than that in Germany 
but productivity is much higher. This is attributed to the 
large scale of operations and standardization.—4J. P. 

Galvanized Sheet and Strip. W. Brachmann. (Stahl u. 
Eisen, 1952, 72, July 3, 820-833). The operating procedures 
in many American sheet and strip galvanizing works are 
described, illustrated, and discussed. The following conclusions 
are drawn. In America, sheet rolling has been developed 
into a continuous process and Europe must also follow this 
course. All American works pay special attention to the 
quality and surface of the steel sheet. The sheets produced 
by continuous processes are harder than those made by 
older methods and since, in Europe, it is frequently desired 
to perform shaping by hand, it is important to obtain as 
ductile a sheet as possible. This will require further investi- 
gation. In America galvanized sheet is used for many purposes 
not customary in Europe; a study of this aspect should be 
undertaken.—4J. P. 
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Stripping of Galvanic Coatings. J. Schorr. (Osterr. Masch. 
Elektrowirtschaft, 1951, 6, Sept. 15, 334-336). The different 
uses of various stripping solutions, either for plain immersion 
or electrolytic processes, are described, and general rules for 
successful stripping are given.—H. R. M. 

Coating Metal Used in Hot-Dip Galvanizing. W. G. Imhoff. 
{Wire and Wire Products, 1952, 27, Apr., 356-360, 420, 421; 
May, 469-472; June, 575-578, 630; July, 686-692). After 
dealing in Part I with the quality of zine used for galvanizing, 
the A.S.T.M. specification for slab zinc, and ‘ Prime Western ’ 
zine, the author discusses in the remaining three parts the 
effects of the following impurities in the galvanizing bath: 
Iron, lead, cadmium, aluminium, tin, antimony, copper, 
nickel, and magnesium.—4J. G. w. 

Notes on the Supply of Zinc for Hot-Dip Galvanizing. A. 
Gordet. (Mét. Constr. Méc., 1951, 88, Dec., 1011-1014; 
1952, 84, Jan., 53-56). The effect of the quality of the zinc 
on the coatings produced by the hot-dip method is examined 
and some German experiments on the solubility of iron in 
zine are reported. The harmful effects of iron chloride in the 
bath are confirmed.—k. s. 

Electrolytic Tinning and the Protection of Sheet Steel. J. 
Teindl. (Hutnické Listy, 1952, '7, Mar., 132-139). [In Czech]. 
A detailed analysis is given of the theory and practice of 
the electrolytic tinning of steel sheets. Electrolytic tinning is 
likely to displace the hot-dipping process in Europe. The 
continuous method is the most economical. The nature of 
faults occurring inside tins, such as the appearance of black 
spots, is considered, and their prevention is discussed.—P. F. 

Surface Defects on Tinplate. T. Fielding. (Tin Printer and 
Box Maker, 1952, 28, Apr., 8-9; May, 6-7). The phenomenon 
of greyness is due to an abnormal alloy layer arising from, 
among other things, scale particles rolled into the steel sheet 
and inefficient fluxing.” The surface characteristics of mottle, 
blisters, ‘ crocodile,’ and grease saucers are discussed. Porosity 
in relation to corrosion is dealt with more fully.—n. G. B. 

Trends in Tinplate Production. (Zin Printer and Box Maker, 
1952, 28, Apr., 10). The 1950 production figures were not 
improved upon in 1951. The rapid post-war expansion of 
electrolytic at the expense of hot-dipped tinplate in the U.S.A. 
reached its zenith in 1950.—n. G. B. 

Recent Developments in Tin and Tin Alloy Plating. .J. W. 
Cuthbertson. (J. Electrodep. Tech. Soc., 1951, 27, 13-22). 
The advantages, disadvantages, and applications of alkaline 
and acid tin-plating solutions are discussed. The introduction 
of the stannous-sulphate/phenolsulphonic-acid bath with 
addition agents of the di-para-hydroxy-diphenyl type (e.g., 
di-para-hydroxy-diphenylsulphone) has made easier the 
control of acid baths. The conditions under which tin—copper, 
tin-zine, tin-lead, tin-nickel, and tin-cobalt alloy can be 
plated are described.—s. P. 

The Electrodeposition of Tin—Antimony Alloys from Chloride— 
Fluoride Electrolytes. J. W. Cuthbertson and N. Parkinson. 
(J. Electrodep. Tech. Soc., 1952, 28, Advance Copy No. 6). 
In a preliminary investigation, alloys of tin and antimony, 
containing up to 45% antimony, have been satisfactorily 
deposited from solutions of the chlorides of the two metals, 
a fluoride, and an addition agent.— 4s. P. 

Practical Considerations in the Application of Vacuum 
Coating for Metal Finishing. LL. Holland. (J. Electrodep. 
Tech. Soc., 1952, 28, Advance Copy No. 4). The methods 
used for evaporating coatings of aluminium on to reflectors 
are described.—4. P. 

White Brass Plating—A Progress Report. W. B. Knight. 
(Metal Finishing, 1952, 50, May, 67, 68). A brief account 
is given of the development at the Knight Plating Co., 
Detroit, Mich., of a white brass still-plating procedure for 
producing an undercoat for chromium. No information is 
given as to the composition or the operating data of the 
electrolyte.—s. P. 

Silver Plating. J. B. Mohler. (Metal Finishing, 1952, 50, 
Apr., 72-75). Some bath compositions suitable for electro- 
deposition of silver and methods of operation are cited. The 
effects of changes in composition on electrode reactions and 
structure of deposits are discussed.—J. P. 

Electroplating with Aluminium. N. F. Murphy. (Metal 
Finishing, 1952, 50, Apr., 76-79). Processes proposed for 
electrodepositing aluminium are briefly reviewed. The most 
promising appear to be those based on fused salt mixtures 
containing aluminium chloride, but much remains to be done 
before such baths become readily usable.—4g. Pp. 
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Cadmium Plating. F. Spicer. (Indust. Finishing, 1952, 4, 
May, 746-755). A comprehensive review is presented of the 
practical aspects of depositing cadmium electrolytically. 


Effect of Addition Agents on Copper Deposition in a Con- 
vection-Free System. KR. C. Turner and C. A. Winkler. 
(Canad. J. Chem., 1952, 80, July, 507-514). 

The Effect of Chloride Ions on Copper Deposition. W. H. 
Gauvin and C. A. Winkler. (J. Electrochem. Soc., 1952, 99, 
Feb., 71-77). 

The Effects of Halides on Copper Deposition in the Presence 
of Gelatin. L. Mandeleorn, W. B. McConnel, W. H. Gauvin, and 
C. A. Winkler. (J. Electrochem. Soc., 1952, 99, Feb., 84-88). 

Selecting Organic Coatings for Metal Products. (Product 
Eng., 1951, 22, Dec., 173-180). Types of organic coating, 
their characteristics, and selection for particular purposes are 
discussed. Data are presented on the appearance of silicone, 
silicone-alkyd, and alkyd-melamine coatings after exposure 
at 482° F. for 100 hr., and on the gloss retention of various 
enamels at 392 and 482° F.—R. A. R. 

Corrosion Protection of Power Transformers by Flow Coat 
Method. S. L. Miller. (Corrosion, 1950, 6, May, 144-147). 
A description of the flow coat method of applying stripping 
media and protective coatings to power transformers, the 
type of equipment required, and certain techniques employed 
is given.—H. F. 

_A New Protective Coating for Metals. S. G. Brinkmann. 
(Osterr. Masch. Elektrowirtschaft, 1951, 6, Oct. 15, 390). Brief 
particulars about ‘ Rilsenite,’ a coating material developed 
from an artificial thermo-setting plastic, are given. 

Plastic Tubular Coatings. (Product Finishing, 1952, 5, 
May, 71-75). The methods devised by British Celanese Ltd. 
for applying cellulose acetate tubing to metal and wood rods 
and tubes are described.—J. P. 

Phosphate Coatings on Metal. A. G. Gray. (Products 
Finishing, 1952, 16, Apr., 66-82). Results of investigations 
at the U.S. Naval Research Laboratory are summarized. 
Fine-grained uniform phosphate coatings have the highest 
corrosion resistance and the factors which determine grain 
size and uniformity are chemical and physical.—J. P. 

Pickling, Phosphating and Priming of Structural Steel. 
(Metallurgia, 1952, 45, May, 253-254). A description is given 
of new plant installed by the Appleby-Frodingham Steel 
Company where the Footner process is adopted. Two advan- 
tages claimed for this form of protection against corrosion 
of mild steel are that the steel leaves the steelworks funda- 
mentally clean, and that the bulk of the priming has been 
done for the fabricator.—-.s. G. B. 

Radiometric Study of Phosphating Problems. S. L. Eisler 
and P. G. Chamberlain. (Metal Finishing, 1952, 50, June, 
113-116). The use of phosphating solutions containing 
radio-iron Fe®® has shown that iron from solution becomes 
an integral part of the coating and that there is no transfer 
of iron from solution to the base metal. Experiments con- 
ducted with solutions containing radiophosphorus have indi- 
cated that a considerable proportion of the coating remains 
on the work after grit or sand-blasting, and that rephosphatiz- 
ing after such treatment results in a lower process efficiency 
than after chemical removal of the original coating.—4J. P. 

Phosphatizing in Vehicle Painting Processes. O. Moravek. 
(Strojirenstvi, 1952, 2, No. 1, 33-38). [Im Czech]. 

Insulation of Magnet Laminations by a Mica-Phosphate 
Coating. A. Wiistefeld. (Werkstoffe u. Korrosion, 1951, 2, 
Jan., 16-17). The Micacid process in which laminations are 
coated with a paste of dilute phosphoric acid and powdered 
mica, to which has been added a non-ionizing wetting agent 
and a pigment, produces a phosphate coating having good 
rust-preventing and insulating properties. It is also simpler 
than the usual phosphatizing process, the paste being applied 
by rubber rolls and dried by heat. The paste itself removes 
rust and scale, avoiding preliminary cleaning.—Hu. R. M. 

Metallizing for Corrosion Prevention. G. C. Close. (Products 
Finishing, 1952, 16, Apr., 58-65). A general account is given 
of the advantages of sprayed zinc and aluminium coatings 
as corrosion preventives, either alone or covered with a primer 
and an organic outer coating. Methods of application and 
some typical uses are described.—J. P. 

Hot Spray Method of Finishing Passenger Car Bodies. J. B. 
Wiesel. (Products Finishing, 1952, 16, Mar., 26-36). The 
advantages of using heated lacquer for motor-car body 
finishing are described.—s. P. 

Salvage of Worn Machinery by Metal Spray. G. A. Onion. 
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(Trans. Inst. Weld., 1952, 15, Feb., 31-32). The reclamation 
and building-up of worn machine parts by metal spraying is 
discussed.—v. E. 

Metal Spraying as a Building-up Process. J. B. Stiles. 
(Trans. Inst. Weld., 1952, 15, Feb., 26-30). A brief survey is 
given of techniques, characteristics, and applications of metal 
spraying.—v. E. 

The Use of Metal Spraying for the Protection of Structural 
Steelwork. V. E. Stanbridge. (Trans. Inst. Weld., 1952, 15, 
Feb., 23-25). Metal spraying is applied to structural steel- 
work for protection against corrosion. Particular reference 
is made to its application to steelwork at the new Abbey 
Works of the Steel Company of Wales, Ltd.—v. E. 

Metal Spraying Technique as Applied to Protection. W. E. 
Ballard. (Trans. Inst. Weld., 1952, 15, Feb., 19-22). Metal- 
spraying technique is discussed. A typical metal-spraying 
pistol is described and illustrations are given of a grit-blasting 
machine and an automatic spraying unit.—v. E. 

Spray Guns—Choice of ‘ Set Up.’ A. Rice-Williams. (Indust. 
Finishing, 1952, 4, May, 775-776). In a spray finishing, the 
equipment has an important bearing on both the quality of 
the finish and the economy of application and it is important 
that a wide choice of fluid nozzle and air cap is made. The 
term ‘set up’ covers the air cap, fluid nozzle, and needle, 
and while the needle and nozzle are always in pairs, the 
possible range of combination of air cap and fluid nozzle is 
very large. The factors affecting the selection of air caps and 
material nozzles are discussed.—u. F. 

Vapour Deposition May Solve Today’s Coating Problems, 
I. E. Campbell and C. F. Powell. (Zron Age, 1952, 169, 
Apr. 10, 113-117). Dense and uniform coatings of metals, 
alloys, and non-metals can be deposited on one another at 
temperatures far below their melting points. The process 
can be made continuous and is generally carried out at 
atmospheric pressure. Induction or resistance heating gives 
highest efficiencies and temperature of surface is the most 
critical factor. Wire, rod, tubing, strip, and shapes have 
been successfully coated.—a. M. F. 

Vitreous Enameliing of Reflectors. (Product Finishing, 
1952, 5, Apr., 40-45). The procedures used for vitreous 
enamelling incandescent and fluorescent lamp reflectors at 
Benjamin Electric Ltd. are described and illustrated.—J. Pp. 

Bicycle Finishing in Japan. E. A. Blount. (Products 
Finishing, 1952, 16, June, 88-98). The methods employed 
for enamelling bicycle parts and electroplating handlebars, 
pedals, cranks, and hubs are described. Practice is similar to 
that in U.S.A. except that brass plating is used as an under- 
coating for nickel-chromium deposits.—J. P. 

Defective Vitreous Enamelling. (Indust. Finishing, 1952, 
4, Apr., 669-672). Hydrogen gas evolved during and after 
the firing operation has for some time been recognized as a 
cause of defects in vitreous-enamelled and ceramic-coated 
steel. A recent U.S. National Bureau of Standards investiga- 
tion, using heavy hydrogen as a tracer, now indicates that 
water present in the frit (glass) used in the coating is largely 
to blame for hydrogen-produced defects.—un. F. 

New “ Minor” Finishing Line. (Product Finishing, 1952, 
5, June, 62-67). The operations involved in finishing Morris 
Minor car bodies at Cowley, Oxford, are described and 
illustrated.—s. P. 

Sanding Machines. (Product Finishing, 1952, 5, May, 
53-65). Some commercial sanding machines are illustrated 
and briefly described.—4. P. 

Characteristics of Industrial Primers. H. J. Testro. (Product 
Finishing, 1952, 5, May, 48-52). The functions, compositions, 
and methods of application of primers for wood and metal 
are discussed.—J. P. 

Zinc Dust as a Protective Pigment. A. Pass. (Chem. Age, 
1952, 66, June 7, 853-855). The position regarding the use 
of zinc dust in the paint industry, particularly for protecting 
ferrous metals from corrosion, is discussed. Methods of 
production and uses are outlined.—t. E. D. 

Electrostatic Spraying. F. Trojanek. (Strojirenstvi, 1952, 
2, No. 3, 137-141). [In Czech]. A method of paint spraying 
is described in which the paint particles pass through an 
electrostatic field between the spray gun and the object to be 
painted. This attracts the paint to the object and greatly 
reduces wastage.—R. A. R. 

Economics of Industrial Maintenance Painting. R. R. 
Pierce. (Corrosion, 1952, 8, May, 178-182). 
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Present State of Metal Ceramics (Powder Metallurgy). F. 
Sauerwald. (Metall, 1941, 20, June, 649-655). This is a general 
review with 42 references.—k. G. 

The Shrinkage Facilitated by Slip on Sintering Metal/Metal- 
Oxide Mixtures and Boron Carbide. W. Dawihl. (Z. Metall- 
kunde, 1952, 48, May, 138-142). Shrinkage of boron carbide 
and of iron with various quantities of either Al,O3, Cr,O3, 
TiO,, or MnO added was studied under sintering conditions 
at temperatures of about 1300° C. and up to 2300° C., respec- 
tively, in hydrogen. It was found that reducible oxides such 
as TiO, and MnO,, in contrast with Al,O,, facilitated 
shrinkage.—P. F. 

National Cash Register Co. Pioneers in High Density Iron 
Powder Parts. P. R. Kalischer. (Precision Met. Mold., 1952, 
10, May, 38-42). A brief résumé is given of the development 
of high-density powder metallurgy by the National Cash 
Register Co., Dayton, U.S.A.—p. H. 

Non-Standard Pinions by Powder Metallurgy Meet All 
Specs at Lower Cost. (Precision Met. Mold., 1952, 10, June, 
34, 86). Manufacturing details are given of an eight-gear 
pinion for counting machines.—D. H. 

High Density Iron Powder Ports. P. R. Kalischer. (Precision 
Met. Mold., 1952, 10, Apr., 32-34). The term ‘ High Density 
Compact ’ is defined and explained. Properties and methods 
of manufacture are discussed.—D. H. 

Field of Cemented Carbides Expanded by Titanium Composi- 
tions. J. C. Redmond and J. W. Graham. (Metal Progress, 
1952, 61, Apr., 67-70). The manufacture and use of titanium 
carbides (under the trade name of Kentanium) are described. 

Characteristics of Core Materials Produced by Powder 
Metallurgy. (Precision Met. Mold., 1952, 10, Apr., 38-40). 
Brief details are given of the types of magnet cone materials 
suitable for given frequencies.—D. H. 

Finishes Suitable for Powdered Metal Parts. (Precision Met. 
Mold., 1952, 10, Apr., 83-87). Details are given of some 
finishes which are suitable for protecting, decorating, or 
identifying powdered metal parts.—p. H. 

Experimental Study on the Kinetics of Sintering of Metal 
Powder at Constant Temperature. Y. Masuda and 8. Kikuta. 
(Sci. Rep. Res. Inst. Téhoku Univ., 1951, 8A, Aug., 435-453). 
The investigation is concerned with increase in density and 
its dependence on compacting properties and sintering 
temperature. For silver, iron, copper, and nickel powders 
there is a relationship between the densification rate during 
the steady stage of sintering and the sintering temperature. 
It is not sensitive to sintering pressure and initial density 
of compact, but is strongly dependent on the geometrical 
characteristics of the powder.—J. G. w. 

Determination of Particle Size in the Submicron Range. 
Y. Schubert and B. Kopelman. (Powder Met. Bull., 1952, 
6, Apr., 105-109). This work was concerned with the magnetic 
properties of iron powder as affected by their size, shape, and 
surface characteristics. Because of the reasonably good 
agreement obtained, either the BET adsorption method (see 
S. Brunauer, P. H. Emmett, and E. Teller, J. Amer. Chem. 
Soc., 1938, 60, 309), or the X-ray line broadening technique 
may be used for determining the particle size of ultra-fine 
iron powder.—Rk. A. R. 


PROPERTIES AND TESTS 


_ Mechanical Tests on Materials and their Meaning. T. Vér. 
(Osterr. Masch. Elektrowirtschaft, 1951, 6, June 15, 218 222). 
The fundamental differences between the properties measured 
by static, fatigue, and dynamic tests are discussed, and the 
importance of choosing the right type of test and the right 
test conditions is stressed.—H. R. M. 

Lines of Development for the Mechanical Testing of Metal 
Products. E. Lehr. (Metall, 1942, 21, May, 243-248). The 
most important advances in the last 15 years in the 
field of mechanical testing are reviewed. Tensile, notched-bar 
impact, fatigue, and abrasion tests, and tests on bearings 
are included.—R. A. R. 

The Design of a Universal Testing Machine (Tensile Machine) 
to Fulfil the Special Requirements for Static Elongation 
Measurements. H. Bratsch and A. Skiba. (Mitteilungen aus 
den Forschungsanstalten des Gutehoffnungshiitte-Konzerns, 
1943, 10, Dec., No. 5, 94-96). An electrically driven working 
platform has been developed for a 100-ton M.A.N. universal 
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Failure and Fracture of Metals as Rate Processes. ‘T. Yoko- 


testing machine for tension, compression, and bending experi- 
ments, with a height of about 8 m.—R. J. w. 

Dynamic Elongation Measurements. E. Lehr. (Mitteilungen 
aus den Forschungsanstalten des Gutehoffnungshtitte-Konzerns, 
1943, 10, Feb., No. 1, 14-24). An apparatus is described which 
has been developed to measure dynamic elongation measure- 
ments to a high degree of accuracy. A full description is given 
of the constructional details of the generators, the transmitter, 
and the switching gear of which the instrument is composed. 
Three examples of its application are described.—r. J. w. 

Testing Machine. H. Mintrop. (Z.V.d.J., 1952, 94, July 1, 
604-608). Recent developments in the design of testing 
machines are indicated and illustrated by reference to exhibits 
at the 1952 Hanover Fair. Attention is drawn to the 
increasing use of semi-automatic tension and compression 
testing.—J. G. w. 

Calibrating Equipment for Forces up to 100 Mp. at the 
Bundesamtes fiir Eich- und Vermessungswesen. F. Flurschiitz. 
(Osterr. Masch. Elektrowirtschaft, 1951, 6, Nov. 15, 411-414). 
The equipment at this Vienna standardizing laboratory 
consists of (a) a dead-weight testing machine for forces up to 
2 Mp. (a megapond is the ‘ standard’ weight of 1000 kg.); 
(b) a 20-Mp. machine using the same weights with a lever; 
and (c) a 100-Mp. machine using hydraulic multiplication. 

Measurement of Young’s Modulus of Metallic Rods by 
an Electromagnetic Method. J. Savornin and G. Renucci. 
(Compt. Rend., 1952, 284, May 19, 2045-2046). The rod, 
centrally supported, is vibrated by a non-uniform alternating 
magnetic field generated close to one end. A repulsive force 
acts on the induced currents in the rod and its resonance 
with the natural frequency is recorded on an oscilloscope. 

Research on the Mechanically Amplified Strain-Meter. Y. 
Kawada and H. Fujii. (Memoirs of Faculty of Technology, 
Tokyo Metropolitan University, 1952, No. 2, 18-24). An 
extensometer is described in which the extension is magnified 
by mechanical means. It was used to measure strains pro- 
duced during electric-are butt-welding of two steel plates 
4 mm. thick.—4J. G. w. 

A New Method for Determining the Bending of Loaded 
Shafts. W. Diibbers. (Mitteilungen aus den Forschungs- 
anstalten des Gutehoffnungshiitte-Konzerns, 1944, 10, July, 
No. 7, 119-128). The practical determination of the bending 
of loaded shafts of non-uniform cross-section by Mohr’s 
method requires considerable time and effort. To avoid this, 
a new method was employed, especially applicable to shafts 
for electrical rotors, which showed good agreement with 
known graphical and calculating methods.—R. J. w. 

Some Aspects of the Charpy Test Applied to Steel Castings. 
J. E. Black. (Amer. Foundryman, 1952, 21, Mar., 56-58). 
The author points out that whereas microporosity in a casting 
has little effect on its serviceability, it will alter the results 
of a Charpy test appreciably. To reduce this effect it is 
recommended that the test sample be taken from the centre 
of a plate casting of appropriate dimensions.—. T. L. 

The Electrical Laboratory in a Steel Corporation. W. A. 
Black. (Iron Steel Eng., 1952, 29, July, 95-104). This article 
describes the type of work which can be carried out in a 
steelworks electrical laboratory, with special reference to 
work on gauge control, electric-arc welding, induction heat- 
ing, the sorting of steel mixtures by magnetic means, non- 
destructive testing, and the development of automatic con- 
trols and resistance strain gauge technique. The economies 
which can be derived from this work are examined.—m. D. J. B. 

Grain Displacement in Metal Stressed Below Elastic Limit. 
N. P. Goss. (Metal Progress, 1952, 61, May, 87-91). The 
mechanism of elastic action was investigated by studying the 
movements within mosaic substructure of coarse-grained 
metal under moderate stress. X-ray diffraction methods were 
used and the displacements of Laue patterns were examined. 
Evidence of the rotation of grains and creep are discussed, 
and recrystallization is related to grain displacements. The 
results described are explained by assuming that externally 
applied stresses can cause the mosaic block elements to’ be 
displaced, and that when the strain is removed these blocks 
return to their original positions except for hysteresis.—s. G. B. 

Failure and Fracture of Metals as Nucleation Processes. 
T. Yokobori. (J. Phys. Soc. Japan, 1952, 7, Jan.—Feb., 44-47). 
Yielding, necking, and brittle fracture and their dependence 
on the fundamental features of these failures, e.g., strain and 
stress rate dependence, temperature dependence, transition 
temperature, and strength fluctuation, are discussed.—J. G. w. 
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bori. (J. Phys. Soc. Japan, 1952, 7, Jan.—Feb., 122-123). 
Theoretical data based on treating yielding and fracture as 
rate processes are shown to be in satisfactory agreement with 
experimental data.—J. G. w. 

The Effect of Surface Conditions on the Mechanical Proper- 
ties of Metals, Mainly Single Crystals. E. N. da C. Andrade. 
(Inst. Metals Monograph and Report Series, 1952, No. 13, 
133-143). With single crystals, a thin surface coating of 
oxide, and possibly of other salts, markedly increases the 
critical shear stress and the stress required to produce further 
strain after considerable glide has taken place. The effect 
differs with the diameter of the specimen, and suggests that 
the surface plays an important part as a source of dislocations. 

Cracking and Brittle Fracture Tendency of High Tensile 
Structural Steel. E. Folkhard. (Schweissen u. Schneiden, 1952, 
4, May, 139-154). The causes of cracking and brittle fracture 
of welded high-tensile structural steels are discussed. Alu- 
minium-containing steels show a decrease in the teidency to 
crack formation and brittle fracture.—v. F. 

The Elastic Behaviour of a Crystalline cone. R. Hill. 
(Proc. Phys. Soc., 1952, 65A, May 1, 349-354). The con- 
nection between the elastic behaviour of an aggregate and 
a single crystal is considered, with special reference to the 
theories of Voigt, Reuss, and Huber and Schmid. The elastic 


limit under various stress systems is also considered; in 
particular, it is shown that the tensile elastic limit of a face- 
centred aggregate cannot exceed two-thirds of the stress at 


which pronounced plastic distortion occurs.—c. J. B. F. 


The Use of the Wheatstone Bridge with Resistance Strain 
Gauges. A. U. Huggenberger. (Schweiz. Arch. Wiss. Techn., 
1952, 18, Apr., 105-116). The various possible bridge circuits 
for use in conjunction with resistance strain gauges for the 
measurement of strain are discussed.—H. R. M. 

More Thoughts on Fatigue. P. L. Teed. (Aeroplane, 1952, 
82, June, 787-790). A number of techniques which increase 
fatigue life are discussed with examples; the author warns 
against the use of chemical methods of cleaning which often 
markedly reduce the fatigue resistance. The development 
of residual stresses by shot-peening, cold rolling or stretching 
is described and examples of the increased fatigue resistance 
resulting from these treatments are given.—B. G. B. 

Fatigue and Industrial Durability. C. Volk. (Metall, 1942, 
21, May, 303-305). The data obtained from fatigue tests 
on specimens are no sure indication of the performance of 
a part in ordinary use. The concepts of fatigue and durability 
are developed and the limits between which laboratory data 
are applicable are defined. A new form of the Wéhler diagram 
which facilitates comparison between different materials and 
different types of test piece is developed.—kx. «a. 

Welding Without Stress-Relieving as the Cause of Fatigue 
Failure of a Funicular Railway Driving Shaft. I. K. Miiller. 
(Osterr. Masch. Elektrowirtschaft, 1952, 7, Mar., No. 4-5, 
86-87). A worn 190-mm. shaft which had been built up by 
welding, straightened and machined, fractured after five 
years’ further service. Examination led to the conclusion that 
failure could have been prevented by a stress-relief annealing 
after welding.—H. R. M. 

Programmed Fatigue Tests—Variable Amplitude Rotating 
Bending Tests. L. Locati. (Met. Ital., 1952, 44, Apr., 135- 
144). [In Italian]. The pattern of stresses applied to working 
elements, it is shown, differs greatly from a sine wave function. 
There is evidence of the superimposition of different frequencies 
and different amplitudes in the cycle. The author describes 
a new instrument capable of carrying out rotating bending 
fatigue tests. A description is given of tests carried out on 
engineering materials. Since the ‘ training ’ effect disappears 
after seasoning at even very low temperatures, this suggests 
that ‘ training ’ is due to unbalanced internal stresses due to 
creep within the grain. (22 references).—m. D. J. B. 

Thermal Fatigue and Thermal Shock. H. Thielsch. (Weld. 
Res. Council Bull., 1952, Apr., No. 10). This is a review of 
published and unpublished data on the characteristics of 
thermal fatigue and shock. The effects of welding on fatigue 
properties and the occurrence of thermal fatigue and shock 
in various applications are discussed. Testing procedures are 
described. (59 references).—v. E. 

Fatigue Tests on Piping Components. A. R. C. Markl. 
(Trans. Amer. Soc. Mech. Eng., 1952, 74, Apr., 287-303). 
The author presents a compilation of available fatigue-test 
data on piping components and derives therefrom stress- 
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intensification factors relative to straight pipe. These factors 
are strictly applicable only to the limited range of sizes for 
which fatigue tests were made. Empirical correlations by 
which the application of the available data can be expanded 
to a wide range of sizes and conditions are proposed.—D. H. 

The Influence of Surface Condition on the Fatigue Strength 
of Steel. R. J. Love. (Inst. Metals Monograph and Report 
Series, 1952, No. 13, 161-196). This survey with 157 references 
points out that the fatigue strength is improved by carburiz- 
ing, nitriding, cyaniding, flame-hardening, and cold-working. 
Shot-peening does not usually prove so effective. Weakness 
results from surface roughness, decarburization, cold-straight- 
ening, non-ferrous coatings, sprayed-on steel coatings, and 
acid pickling. There is insufficient evidence to assess the 
influence of surface stress on the fatigue strength.—r. T. L. 

A Critical Review of the Criteria for Notch-Sensitivity in 
Fatigue of Metals. C. 8. Yen and T. J. Dolan. (Univ. of 
Illinois Bulletin, 1952, 49, March, Bulletin series No. 398). 
The discrepancy between theoretical and effective stress 
concentration factors is attributed to the fact that real 
metals are not homogeneous, isotropic, or elastic. The survey 
leads to the conclusion that notch sensitivity depends on: 
(a) The basic material characteristics, given by a work- 
hardening index; (b) the degree of heterogeneity; and (c) the 
geometry of the specimen, in particular the radius of the root 
of the notch. The criterion for fatigue failure should refer 
not only to the peak stress at a point, but also to the conditions 
in the region about that point. (54 references).—R. T. L. 

Correlation of Fatigue Strength in Bending and Direct Stress. 
P. G. Forrest and H. J. Tapsell. (National Physical Labora- 
tory: Engineering, 1952, 178, June 13, 757-758). It is known 
that the reported values of the fatigue strength of materials 
are higher for alternating bending than for alternating direct 
stress fatigue. One of the reasons for this is the method of 
stress calculation used in bending-fatigue tests. In the tests 
described, a known bending moment or bending strain is 
applied to the test piece. The maximum stress is then calcu- 
lated by assuming that the test piece deforms elastically. 
The authors show that if plastic deformation occurs in the 
highly stressed fibres, the stress will be less than the calculated 
figure. So far, the tests indicate that stress redistribution 
does not always account for the whole difference between the 
results in bending and direct stress. Further tests are in 
progress.—M. D. J. B. 

Fatigue Bend Properties of Beam Girders. A. Erker. 
(Schweissen u. Schneiden, 1952, 4, Apr., 112-115). The author 
discusses the results obtained with fatigue testis of beams in 
flexure in the United States, and compares these with test 
data on German beams.—v. E. 

Fatigue Testing of Welds: B.W.R.A. Research Station at 
Abington Hall. (Jron Coal Trades Rev., 1952, 165, July 4, 
37-38: Engineer, 1952, 194, July 4, 15: Engineering, 1952, 
174, July 4, 12). A description is given of the new fatigue- 
testing laboratory of the British Welding Research Assoc. at 
Abington Hall, Cambridge. It houses a Losenhausen fatigue 
testing machine, four resonance testing rigs, and a 50-ton 
Universal Denison testing machine. Other equipment is 
being added.—ce. F. 

Notes on the Problem of Hardness. W. Spath. (Z. Metall- 
kunde, 1943, 35, Dec., 253-257). The development of material 
testing is followed from large-scale tensile testing to accur- 
ate measurements and fatigue tests. Proposals are made 
for corresponding progress in hardness testing. A new 
formulation of Hertz’s ideal determination of hardness is 
given. The relationships between the elastic limits, the 
‘fatigue hardness,’ and the wearability are considered. Tor 
combined fatigue-hardness-wear experiments a simple testing 
device with bulbous pressure rolis was proposed. Finally, 
an ideal determination for the wearability which corresponds 
to that necessary for the fatigue strength and fatigue hardness 
is suggested.—R. J. W. 

Large Mechanical Installation for Hardness Testing, called 
G.I.M.E.D. (Association des Industriels de Belgique, Bull., 
1952, No. 62, 21-32). A new piece of testing equipment known 
as G.I.M.E.D., recently installed by l’Association des Indus- 
triels de Belgique, is described in some detail. It is capable 
of testing samples under tensile, compressive, bending, and 
torsional stresses.—T. E. D. 

Tensile-, Universal- and Hardness-Testing Machines. II. 
Hardness-Testing Machines for Determining Vickers and 
Rockwell Hardness. W. Ermlich. (Metall, 1942, 21, May, 
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306-312). In this paper from the Staatlichem Material- 
priifungsamt, Berlin-Dahlem, various types of machine are 
described and the precautions necessary in their use stressed. 

The Standard Rockwell Apparatus of the Bundesamt fiir 
Eich- und Vermessungswesen. F. Flurschiitz. (Osterr. Masch. 
Elektrowirtschaft, 1952, 7, Mar., No. 6, 116-120). The equip- 
ment installed at the Vienna Standardizing Laboratory for 
accurate measurement of Rockwell hardness is described and 
the various errors which may occur in this type of test are 
discussed.—H. R. M. 

Relation between Rockwell C Hardness and Vickers Hard- 
ness. F. Vitovec. (Osterr. Masch. Elektrowirtschaft, 1952, 7, 
May, 185-187). The depth of impression calculated from the 
Vickers hardness does not agree with that actually measured 
because of the rounding of the edges, but the assumption 
that this error is of constant value, independent of hardness, 
leads to good agreement between the measured Rockwell 
hardness and that estimated from Vickers hardness.—H. RM. 

Effect of Mechanical and Electrolytic Polishing on the 
Microhardness and Macrohardness of Metals. T. Geiger. 
(Schweiz. Arch. Wiss. Techn., 1952, 18, Feb., 41-46). Tests 
were made in the Siilzer laboratories with the Hanemann 
microhardness tester and the Vickers hardness tester using 

18/8 Ni-Cr steel, electrolytic iron, and carbon steel to compare 
specimens polished in the usual way by alumina polishing 
powder with specimens electrolytically polished in alcoholic 
perchloric acid. These showed that mechanical polishing 
produced some surface hardening in electrolytic iron, but 
considerably more in the austenitic steel. The results were 
confirmed by metallographic and X-ray diffraction examina- 
tions.—-H. R. M. 

Contribution to the Study of Jominy Hardenability Curves 
with Anomalies. F. Mufioz del Corral. (Inst. Hierro Acero, 
1952, 5, Apr., 432-470). [In Spanish]. The normal curves 
showing hardness plotted against distance from the hardened 
end exhibit a kink due to the gradual mixing of the martensite 
with softer products originating from the decomposition of 
austenite in cooling to temperatures higher than Ms. The 
Jominy curves frequently present relative maxima and 
minima. On a 0-:98% C, 1-44% Cr, 0-06% V steel, it was 
confirmed that the appearance of a maximum and a minimum 
in the Jominy curve has two causes : (1) The upper products 
of the intermediate or bainitic zone of isothermal decomposi- 
tion are softer than the lower products of the pearlitic upper 
zone; (2) under the special conditions of the kinetics of 
decomposition in continuous cooling, the Jominy specimen 
can exhibit almost complete decomposition to high bainitic 
products before pearlitic products appear. The difference in 
mechanical properties of the intermediate products and of the 
pearlite was confirmed by isothermal tests on suitable speci- 
mens, followed by mechanical tests and a logical explanation 
was found of the anomalies in the curves for a mechanical 
property as a function of the temperatures of isothermal 
decomposition based on the individuality of both zones and 
the mechanism by which they are separated on increasing the 
content of alloying elements.—R. s. 

Hardness of the Transition Zone in Unalloyed and Low-Alloy 
Steels and Possibilities for Its Determination. I’. Noréu and 
L. Pietilaéinen. (Svetsaren, 1951, 16, 4, 71-90). [In Swedish]. 
The Jominy test is said to be of only limited application in 
judging the weldability of steels, owing to structural alterations 
caused by the rapid heating—cooling cycle during welding. 
Tables are presented which in conjunction with Jominy 
curves give a good idea of welding conditions and indicate 
suitable cooling speeds in the transition zone.—G. G. K. 

The Hardness and Strength of Metals. D. Tabor. (Rev. 
Mét., 1952, 49, Mar., 208-210). Analysis shows that from 
Brinell hardness measurements giving the value of n (Meyer’s 
constant) the index of work hardening x can be deduced 
and hence the deformation load curve. The relation between 
elastic limit and hardness is roughly independent of the metal 
and this is in good agreement for many different metals.—a. «. 

Thermodynamics of Age Hardening. U. Dehlinger and H. 
Knapp. (Z. Metallkunde, 1952, 48, June, 223-227). On the 
basis of the Fick diffusion law it is shown that, depending 
upon the sign of the second derivative of the free energy of a 
crystal with respect to the concentration of a solute phase 
in a binary metallic system, diffusion of that phase can occur 
either towards or away from regions of high local concentration 
of that phase. Precipitation and homogenization respectively 
are thus accounted for. Owing to the random distribution 
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of the nuclei an entropy contribution is made to the free 
energy of the homogeneous solid-solution crystal which effects 
a shift from the point at which the second derivative of the 
free energy with respect to concentration is zero. This entropy 
contribution has up to now been neglected. By taking it into 
account it can be seen that a metastable equilibrium is 
possible.—P. F. 

Effect of Residual Stresses on Yielding and Strain-Ageing of 
Carbon Steel. N.H. Polakowski. (J. Iron Steel Inst., 1952, 
172, Dec., 369-376). [This issue]. 

Contribution to the Study of Ageing in Mild Steels. J. A. 
Lemoine and A. Sariban. (Rev. Soudure, 1952, 8, 2, 84-104). 
The authors consider the theory of ageing and propose 
explanations for ageing by: (a) Mechanical working, 7.e. 
tension, bending, and compression; (b) after-effects of 
heat-treatment; and (c) the action of carbon, nitrogen, and 
copper. Three distinct stages are defined: (1) A period of 
incubation; (2) a static period; and (3) a coalescing period in 
which submicroscopic particles grow, followed by a corres- 
ponding decrease in hardness. A detailed account of experi- 
ments on ageing by tension, compression, and bending, with 
the results, is given. A new method of measuring the effects 
of ageing is put forward. (12 references).—um. D. J. B. 

On the Age-Hardening of File Steels. T. Mitsuhashi, S. 
Yokoi, and Y. Shiraishi. (J. Mech. Lab., 1952, 6, Jan., 18-20). 
[In Japanese]. Excessive silicon, manganese, and carbon were 
found to be the cause of cracking of file steels. This is 
explained by the age-hardening aggravating residual stresses 
after the water quench. Maximum contents of 0:30% Si 
and 0-35% Mn are recommended.—J. G. w. 

Methods of Testing Abrasion and Wear in the Netherlands. 
P. Braber and G. Salomon. (Engineering, 1952, 178, June 6, 
725-730). The authors summarize papers presented at the 
Symposium on Abrasion and Wear held at Delft in 1951. 
The papers deal with abrasion and wear in many materials 
including metals. Details are given of testing equipment 
and experimental techniques. (31 references).—m. D. J. B. 

Hardened Gray Iron. G. P. Phillips. (Foundry, 1952, 80, 
Jan., 88—95, 106-111). Wear tests were 
carried out on diesel-engine cylinder liners, and hardened 
unalloyed grey iron of the correct hardness and structure 
had the same wear resistance as hardened alloyed cast iron, 
but the former can only be used in thin sections if high hard- 
ness is desired. Data are given on thermal expansion. The 
corrosion of the outer surface of the sleeves is discussed, 
and the method of casting them is described.——R. A. R. 

Effect of Surface Films on Solid Friction. F. P. Bowden. 
(Schweiz. Arch. Wiss. Techn., 1952, 18, Apr., 116-127). 
Results of recent research work on the Physics and Chemistry 
of Surfaces at the Research Laboratory at Cambridge 
University are described. Among the subjects dealt with are 
the prevention of seizure at relatively high temperature by 
chloride and sulphide films, the protection afforded by oxide 
films, the effect of boundary lubricants in reducing both 
friction and the transfer of metal between rubbing surfaces, 
and the influence of temperature on this transfer of metal. 
Recent developments in sintered copper and sintered molyb- 
denum bearings with very low friction when running at 300° 
and 400° C., respectively, are mentioned.—H. R. N. 

The Influence of Surface Films on the Friction and Deforma- 
tion of Surfaces. F. P. Bowden and D. Tabor. (Inst. Metals 
Monograph and Report Series, 1952, No. 13, 197-212). The 
usual chemisorbed films or gas films held by van der Waals’ 
forces, on the surfaces of metals, greatly reduce the friction. 
The oxide layer can also prevent seizure between sliding metal 
surfaces. At high speeds, high-temperature flashes are 
generated at the points of contact, and the softened material 
smeared over to form the Beilby layer. The stability of the 
latter may be due to inclusions of impressed oxide. Films 
of solid soft metals, polytetrafluoroethylene, molybdenum 
disulphide, and metal sulphides and chlorides are particularly 
suitable for protecting sliding surfaces.—k. T. L. 

A Dynamic Method of Measuring Magnetostrictive Hysteresis 
in Transformer Steel. W. Alexander. (Brit. Elec. Allied 
Ind. Res. Assoc., 1948, Technical Report Q/T110). A method 
is developed for demonstrating, on a cathode-ray tube, the 
magnetostriction and magnetostrictive hysteresis caused by 
an alternating field. The design and construction of the 
instrument is described. The method is considered suitable 
for the rapid comparison of different samples of materials. 

Magnetostriction in Transformer Steel. W. Alexander and 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


ABSTRACTS 


J. Swaffield. (Brit. Elec. Allied Ind. Res. Assoc., 1943, 
Technical Report Q/'T102). The magnetostrictive properties 
of steels used in the construction of modern transformer coils 
have been investigated. A short review of the methods of 
measurement is given together with details of the actual 
method used and the results obtained.—z. G. B. 

The Elastic Modulus and AE-Effect of Iron—Nickel Alloys. 
W. Koster. (Z. Metallkunde, 1943, 35, Oct., 194-199). The 
temperature dependence of the elastic modulus of the whole 
range of Fe—Ni alloys was determined. The AZ-effect was 
found to be proportional to the saturation magnetostriction, 
as expected from theory. With increasing amplitude of 
vibration the elastic modulus was determined in the de- 
magnetized state. The decrease was similarly proportional 
to the magnetostriction of the alloys. The ordering process 
in the region of the composition FeNi3; was clearly shown by 
elastic measurements. The dependence of the elastic modulus 
on the field strength was also considered.—Rk. J. w. 

The Damping of Nickel and Iron-Nickel Alloys. W. Koster. 
(Z. Metallkunde, 1943, 85, Dec., 246-249). The temperature 
dependence of the damping of pure nickel after various heat- 
treatments was measured and compared with the elastic 
modulus. The damping of a given material was found to be 
proportional to the AE effect. Examples of the temperature 
dependence of certain Fe—Ni alloys are given. The amplitude 
dependence of the damping is briefly considered and the 
effect of deformation, recrystallization, and ordering described. 
The variation of the damping with the field strength is 
described and was found to be proportional to the product 
of the normal elastic modulus and the saturation magneto- 
striction.—R. J. W. ; 

Notes on Iron-Nickel-Aluminium—Cobalt-Copper Alloys 
with Preferred Magnetic Orientation. W. Jellinghaus. (7'ech- 
nische Mitteilungen Krupp, Forschungsberichte, 1943, 6, Feb., 
No. 3, 63-68). A permanent magnet alloy containing about 
50% Fe, 15% Ni, 8-9% Al, 23% Co, and 3% Cu was dis- 
covered which developed a magnetic orientation when heat- 
treated in a magnetic field. In the Fe-Ni-Al-Co-Cu system 
a series of alloys with 15% Ni, 23% Co, 3% Cu, and 5-16-6% 
Al and the remainder iron was investigated metallographically 
and their magnetic properties measured. The alloys all 
exhibited a body-centred-cubic phase—those with low alu- 
minium content, austenite, and the highest aluminium content 
a body-centred-cubic phase with superstructure. By investi- 
gating the temperature dependence of the coercive force it 
was shown that the apparent homogeneous alloy region is 
multi-phased.—R. J. w. 

On the Magnetic Transition of Nickel-Ferrite at Low Tem- 
perature. T. Okamura and J. Simoizaka. (Sci. Rep. Res. 
Inst. Téhoku Univ., 1951, 8A, Apr., 223-228). The existence 
of the transition of nickel ferrite in the range of about — 100° 
to — 200° C. was confirmed from measurements of magnetiza- 
tion and electrical conductivity.—J. G. w. 

On Measuring Instrument for Heat-Treated Steel Wire. 
K. Futaki and O. Ito. (J. Mech. Lab., 1952, 6, Mar., 66-69). 
[In Japanese]. An instrument measuring magnetic permea- 
bility was constructed for the control of the mechanical 
properties of heat-treated wire. Load-bending curves are 
presented.—J. G. W. 

Magnetic Permeability Can Serve as a Guide to Indicate 
the Physical Structure of Some Alloy Steels. R. H. Munch. 
(Indust. Eng. Chem., 1952, 44, May, 974-100A). Some details 
of the construction and method of use of an instrument called 
the Magna-Probe are given. The instrument is made by the 
American Instrument Co., Inc., Silver Spring, Md., and is 
basically a sensitive, stable, inductance bridge. Its applica- 
tions as a quantitative non-destructive tester are described. 

Low Remanence and the Temperature Variation of Permea- 
bility of Silicon—-Iron Alloys. E. W. Lee. (Proc. Phys. Soc., 
1952, 65B, June 1, 455-456). Some observations on the 
remanence and the anomalous temperature variation of 
permeability of iron-rich Si-Fe alloys are quoted. These 
observations suggest that low remanence and negative tem- 
perature coefficients of permeability are closely connected 
and that both can be explained in terms of internal flux 
closure.—c. J. B. F. 

Discontinuities in the Variation of Magneiization with Tem- 
perature. V. L. Newhouse. (Proc. Phys. Soc., 1952, 65A, 
May 1, 325-328). It is demonstrated that magnetic dis- 
continuities accompany changes of temperature at constant 
field. The effect is investigated for hard-drawn iron and nickel, 
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and is accounted for in terms of two mechanisms, one asso- 
ciated with the decrease of coercivity with rise in temperature, 
and the other associated with the disperse field due to the 
thermal oscillations of the carriers of magnetic moment. 

The Magnetostriction of Single Crystals of Iron-Silicon 
Alloys. W. J. Carr, jun., and R. Smoluchowski. (Phys. Rev., 
1951, 88, Sept. 15, 1236-1243). The spontaneous magneto- 
striction of iron-silicon alloys can be adequately described 
by two constants h, and h,. For ordered alloys, h, goes 
through zero at about 11 at.- “04, Si and h, at about 9 at.-% 
Si. In disordered alloys, in ‘the composition range around 
10% Si, hy is somewhat larger than for the ordered alloys. 
A method is given for calculating the constants accurately 
from the experimental data. The form effect is calculated, 
and a semi-empirical theory of the influence of silicon on 
magnetostriction is given.—c. J. B. F. 

On the Paramagnetism of Iron Sulphides. R. Benoit. 
(Compt. Rend., 1952, 284, May 26, 2174-2175). FeS, FeS,.15, 
and a natural crystal of pyrrohotite have been studied. The 
last two show a discontinuity in the curve of susceptibility 
at about 560°C. which is attributed to the disappearance 
of an ordered structure of lattice holes.—a. G. 

Thermomagnetic Study of a Monocrystal of «Fe,0,. L. Néel 
and R. Pauthenet. (Compt. Rend., 1952, 2384, May 26, 2172- 
2174). Magnetization has been studied as a function of field 
strength between 20-4° and 950° K. A discontinuity in the 
curves at 250° K. suggests a fundamental anti-ferromagnetism 
parallel to the binary axis below 250° C., orientated in the 
base plane above.—a. G. 

The Experimental Study of Ferromagnetic Domains. L. F. 
Bates. (Rev. Mét., 1952, 49, Mar., 185-194). Energy relations 
at Bloch boundaries between domains are discussed. Better 
figures are produced by a colloidal solution on specially 
prepared surfaces of ferromagnetic crystals in a magnetic 
field. These figures are studied and the variation in the 
period of domains together with the effect of inclusions is 
investigated.— aA. G. 

The Change of Conductivity of Metals in Strong Magnetic 
Fields. Y. Tanabe. (Sci. Rep. Res. Inst. Téhoku Univ., 1951, 
8A, Feb., 91-106). The change of resistance of te llurium, 
cerium, antimony, iron, cobalt, and nickel in a strong trans- 
verse magnetic field up to 200 kg.oersted, at room tempera- 
ture, was studied. The change in resistance of ordinary 
metals follows a square law in weak fields and a linear law 
in strong fields. That of ferromagnetic metals remains 
practically cage in fields stronger than that of magnetic 
saturation.—J. G. 

On 7? Changes. ‘of Electrical Properties in Cold-Worked 
Metal. T. Hirone and K. Adachi. (Sci. Rep. Res. Inst. Té6hoku 
Univ., ont, 8A, 454-458). The increase in electrical resistance 
due to cold work is discussed in relation to the disturbing 
potential from edge dislocations caused by cold work. The 
calculations are based on Peterson and Nordheim’s assumption 
for the disturbing potential.—vs. a. w. 

On the Temperature Dependency of Magneto-Resistance 
Effect of Iron Single Crystal. Y. Gondo and Z. Funatogawa. 
(J. Phys. Soc. Japan, 1952, 7, Jan._Feb., 41-43). The change 
of electric resistance of a single crystal of iron in rod form, 
induced by magnetization, was measured at temperatures 
up to the Curie point. The change in resistance for [100] 
remains constant up to about 300°C. and then decreases, 
reaching zero at the Curie point. For [111] the change 
decreases smoothly over the entire range of temperatures. 
The large decrease near the Curie point is isotropic.—s. G. w. 

The Effect of Transformation Stress on Electric Resistance 
of Pure Iron at A; Point. M. Sat6. (Proc. Japan. Acad., 
1950, 26, June, 42-44). The irreversible change of electric 
resistance of pure iron at the Ag point is explained by reference 
to K. Honda’s theory of transformation. The calculated 
relative change of resistance of 0:46% agrees with Mihara’s 
experimental result of 0-5%. The above is consistent with 
the existence of a mean transformation stress of 2000 atm. 


The Effects of Pressure on Electric Resistance and Thermal 
Conductivity of Metals at Melting Points. M. Saté. (Proc. 
Japan. Acad., 1950, 26, July, 32-35). Using Bridgman’s 
formula, the author calculates relative changes of electrical 
resistance by pressure and obtains reasonably good agreement 
with experimental data obtained by Bridgman at lower 
temperatures and suitably extrapolated. Assuming the 
validity of the Wiedeman-Franz law, the relative changes in 
thermal conductivity of metals at their melting points with 
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pressure are calculated and found to be of the same order of 
magnitude as the changes observed by Lussana at room 
temperatures.—J. G. W. 

On the Anisotropy of Electrical Resistivity of Deformed 
Cubic Metals and Alloys. T. Broom. (Australian J. Sci. Res., 
1952, 5, 1, 128-134, Reprint). The change in resistivity on 
annealing cold-rolled metals has been found to depend on 
the direction of measurement for copper-nickel, steel, alpha 
brass, and silver, while no such dependence has been found 
for aluminium, copper or nickel. An explanation is advanced 
in terms of lattice disturbances.—k. T. L. 

Electrical Properties of «Fe,.0, and «Fe,0, Containing 
Titanium. F. J. Morin. (Phys. Rev., 1951, 88, Sept. 1, 1005- 
1010). Electrical conductivity, Hall effect, and Seebeck effect 
have been measured on two sets of polycrystalline samples of 
a-Fe,O, and a-Fe,O, containing from 0-05 to 1-0 at.-% 
of titanium (n-type impurity).—c. J. B. F. 

Ultrasonic Intensity Meter. A. Barone and M. Nuovo. 
(Ric. Sci., 1951, 21, Apr., 516-518). [In Italian]. The 
authors show how a common microphone can be used 
to measure ultrasonic intensity when ultrasounds are modu- 
lated by an acoustic frequency. The microphone measures 
the alternating component of the radiation produced by the 
ultrasonic wave. A description is given of an ultrasonic 
intensity meter based on this principle.—w. D. J. B. 

Optical Method of Measuring the Speed of Longitudinal 
and Transverse Ultrasonic Waves in Solids. A. Barone. 
(Ric. Sci. 1951, 21, Apr., 513-515). [In Italian]. A method 
is described for measuring the velocity of longitudinal and 
transverse ultrasonic waves in solids. The method uses the 
refraction of ultrasonic beams travelling from the solid to 
be examined into a liquid, the acoustic parameters of which 
are known. The angles of refraction are determined by 
a@ photographic record of the ultrasonic field obtained by 
the Schlieren method.—xm. D. J. B. 

Field Inspection of Boiler Tubes with Ultrasonic Reflecto- 
scope. J. A. Tash. (T'rans. Amer. Soc. Mech. Eng., 1952, 74, 
Feb., 201-206). Details are given of the ultrasonic reflec to- 
scope and its use in detecting defects in small-diameter 
tubing. By means of the ultrasonic shear-wave method and 
the reflectoscope, defects were found in “ig convection super- 
heated outlet section of two boilers.—p. 

Measurement of the Thickness of Metal Piate by Ultrasonic 
Harmonic Method. I—Electronic Operation and Results of 
Field Inspection. S. Tanaka. (Sci. Rep. Res. Inst. Téhoku 
Univ., 1951, 8A, Apr., 201-208). Details of design and 
construction of an apparatus for measuring the thickness of 
a metal plate by ultrasonics are given. A comparison of 
results obtained by drilling and measuring and by the ultra- 
sonic method yielded differences of less than 6%.—J. G. W. 

Radioactive Thickness Measurement. (Overseas ‘Eng. 1952, 
26, Aug., 20-21). A description is given of the Ekco nucleonic 
thickness gauge. The machine is simple to install and operate 
and has a wide range of applications. It has been successfully 
used for measuring the thickness of metal foils and thin metal 
sheets.—B. G. B. 

Thickness Gauge. (Overseas Eng., 1952, 25, July, 440). 
An ultrasonic instrument for the measurement of the thickness 
of materials where only one surface is available is described. 
The gauge is applicable to all types of material.—n. a. B. 

Theoretical and Experimental Bases of Non-Destructive 
Testing by Eddy-Current Methods. F. Férster. (7. Metallkunde, 
1952, 43, May, 163-171). After a brief description of the 
existing methods of sorting alloys which do not depend upon 
the shapes of the materials, an account is given of the eddy- 
current test-coil method for determining the electrical resis- 
tance. A detailed derivation of the theory is given, showing 
that it is possible to make absolute determination of the 
resistance without establishing direct contact with the test 
piece, and independently of intermediate layers of oxide 
or lacquer. The application of the eddy-current search coil 
for detecting faults and cracks in metals is described, and a 
method is developed which facilitates the detection of cracks, 
again irrespective of the presence or absence of surface 
coatings.—P. F. 

Non-Destructive Testing by Means of Eddy-Currents. F. 
Forster and H. Breitfeld. (Z. Metallkunde, 1952, 48, May, 
172-180). Practical applications of the eddy-current search 
coil for hardness measurements in precipitation-hardened 
light alloys, for conductivity determinations, and for sorting 
steel scrap are described. Effects of size, surface condition, 
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density, and shape of the test piece on the accuracy of 
measurement are discussed.—P. F. 

Effect of the Type of Rays and Exposure Technique on the 
X-ray Determination of Stresses in Alloy Steels. V. Hauk. 
(Z. Metallkunde, 1943, 35, Aug., 156-163). In the X-ray 
method of measuring the stresses in iron, the elastic constants 
for different methods of exposure for cobalt Ka,, chromium 
Ka,, and iron Kf, radiation are given. A single method is 
described in which a combination of perpendicular and 
oblique exposures is used. The question of the effect of 
elastic anisotropy in single crystals is discussed. Practical 
advice is given for use of the method for alloy steels.—R. J. w. 

Non-Destructive Testing of Materials. H. Zoller. (Pro-Metal, 
1951, June, 839-844; Aug., 871-877; 1952, Feb., 957-963). [In 
French and German]. A survey is made of all methods of 
non-destructive testing. The various uses of X-rays, including 
dispersion, absorption, and spectrographic analysis, are 
reviewed. Similar uses of y-rays are mentioned, the advan- 
tages being in greater penetration and the much smaller 
equipment needed for a suitable source. Ultrasonic generation 
is explained. Visual shadow patterns made by orientation 
of aluminium dust suspended in xylene by the Pohlman 
method are illustrated. Indirect methods include measure- 
ment of resistance, loss of Foucault currents, and methods 
specially applicable to ferromagnetic materials.—t. E. D. 

Non-Destructive Crack Detection by Radioactive Indicators. 
K. Kaind] and A. Mathiaschitz. (Osterr. Masch. Elektro- 
wirtschaft, 1951, 6, July 15, 270-272). A solution of radio- 
active caesium chloride in alcohol is applied to the surface. 
After drying off and removal of any remaining traces by 
emery cloth, the B-ray emission from any radioactive material 
remaining in cracks can be recorded photographically. 

Measure of Thermal Conductivity at High Temperatures. 
A. Rasi. (Ric. Sci., 1952, 22, Jan., 46-55). [In Italian]. 
This paper describes a method of measuring thermal con- 
ductivity at constant high temperatures. The method is 
very suitable for materials which.can be worked into a 
cylindrical shape. Practical application in the field of refrac- 
tory materials is examined. Results are given for silico- 
aluminous materials in the 100—600° C. range.—m. D. J. B. 

The Thermal Conductivity of Metals at Low Temperatures, 
II: The Transition Elements. K. Mendelssohn and‘H. M. 
Rosenberg. (Proc. Phys. Soc., 1952, 65A, June 1, 388-394). 
The thermal conductivity in the range 2-40° K. has been 
measured for iron and several non-ferrous metals. As a rule, 
the metals of group 8 have a much higher conductivity than 
have the metals of the earlier groups. The values of « and B 
in the equation for the thermal resistance R = «7? + B/T 
have been calculated for each specimen.—c. J. B. F. 

A Note on the Theory of Conduction in Metals. E. H. 
Sondheimer. (Proc. Phys. Soc., 1952, 65A, July 1, 561-562). 
Attention is drawn to a feature of the theory of metallic 
conduction which appears to have been generally overlooked. 
This is that in any collision involving a (quasi-free) electron 
with wave vector K and a lattice wave qg, the laws of conserva- 
tion of energy and momentum require that |K| = I(K + q), 
and thus an electron in the state K can only interact with 
lattice waves for which lqi<2IK|. |The consequences of 
this are discussed.—c. J. B. F. 

The Effect of Method of Preparation on the High-Frequency 
Surface Resistance of Metals. KR. G. Chambers and A. B. 
Pippard. (Inst. Metals Monograph and Report Series, 1952, 
No. 13, 281-293). By measuring the surface resistance to 
high-frequency electric currents, it is deduced that electro- 
plated surfaces are the most rough, followed by machined, 
drawn, mechanically polished, and electropolished surfaces. 
For a smooth, mechanically polished, copper surface, it is 
found that resistance of the surface layer to direct current 
is about 5% greater than that of the bulk metal at room 
temperature.—E. T. L. 

Some Fundamental Ideas on the Structure of Atoms and 
Metals in Relation to the Properties and Behaviour of Metals 
and Alloys. G. P. Chatterjee. (Trans. Indian Inst. Met., 
1950, 4, 163-172). An attempt is made to develop in a simple 
way some of the fundamental ideas relating to atoms and 
metals which have in recent years thrown light on the proper 
ties and behaviour of metals. Quantum theory and electron— 
atom ratio, order—disorder phenomena, plastic flow, electrical 
conductivity, and diffusion are discussed briefly.—D. H. 

Recent European Work on the Mechanical Properties of 
Metals at Low Temperatures. N. P. Allen. (Symposium on 
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Mechanical Properties of Metals at Low Temperatures, May, 


1951, Nat. Bur. Standards Circular 520, 1952, 1-35). The 
author discusses work since 1940 on elasticity, plasticity, the 
development of brittleness at low temperatures in relation 
to brittle fracture in mild steel, the behaviour of heat-treated 
alloy steels at stratosphere temperatures, and the reliability 
of austenitic steels at liquid-air temperatures. Additions to 
pure iron may affect its rupture strength at low temperatures 
without altering the resistance to plastic deformation. (29 
references).—. T. L. 

Development and Application of Chromium—Copper-Nickel 
Steel for Low-Temperature Service. W. Crafts and C. M. 
Offenhauer. (Symposium on Mechanical Properties of Metals 
at Low Temperatures, May 1951, Nat. Bur. Standards Circular 
520, 1952, 48-66). A particular steel having the composition 
C 0-12, Mn 0-65, Si 0-15—-0-25, Cu 0:45-0:65, Ni 0-50-0-75, 
Cr 0-65-0-85°%% is discussed. This steel is suitable for use 
at down to — 100°C., and it demands no unusual manu- 
facturing procedure. Laboratory studies suggest that in- 
creasing the aluminium content to about 0-15% would 
greatly improve the steel.—r. T. L. 

Application of Metals in Aircraft at Low Temperatures. 
J. B. Johnson and D. A. Shinn. (Symposium on Mechanical 
Properties of Metals at Low Temperatures, May, 1951, Nat. 
Bur. Standards Circular 520, 1952, 97-111). Laboratory tests 
show that at the temperatures encountered by aircraft (down 
to — 130° F.), the metals normally used are not appreciably 
weakened. Most failures are due to unequal contraction. 

Properties of Austenitic Stainless Steels at Low Tempera- 
tures. V. N. Krivobok. (Symposium on Mechanical Properties 
of Metals at Low Temperatures, May 1951, Nat. Bur. Standards 
Circular 520, 1952, 112-136). Data on elasticity, fatigue, 
tensile impact, the effect of notches, and the effect of low 
temperature on ductility are critically discussed. The author 
also deals with the effect of heat-treatments, particularly 
those that cause carbide or sigma-phase formation, on the 
mechanical properties.—£. T. L. 

Dimensional Effects in Fracture. C. W. Macgregor and 
N. Grossman. (Symposium on Mechanical Properties of Metals 
at Low Temperatures, May 1951, Nat. Bur. Standards Circular 
520, 1952, 137-152). The author reports the influence of 
size on the transition temperature, the effect of various ratios 
of combined stresses on the temperature, and the effect of 
these on fracture strength. The first was investigated with 
a slow-bend test on steel discs; the largest, 6 in. in dia., had 
a transition temperature only 8° F. higher than that of the 
smallest, 1 in. in dia. Variations in the combination of 
stresses changed the transition témperature by as much as 
62° F.—. T. L. 

Mechanical Properties of High-Purity Iron—Carbon Alloys at 
Low Temperatures. R. L. Smith, G. A. Moore, and R. M. 
Brick. (Symposium on Mechanical Properties of Metals at 
Low Temperatures, May 1951, Nat. Bur. Standards Circular 
520, 1952, 153-178). Stress-strain data for irons with 0-05- 
0-49% carbon have been obtained between 23° and — 185° C. 
Yield points and flow stresses increase with increase of carbon 
and decrease of temperature. Increasing carbon is associated 
with a reduced total strain to fracture and with a reduced 
ductility.—£. T. L. 

Brittle Fractures in Ship Plates. M. L. Williams. (Sym- 
posium on Mechanical Properties of Metals at Low Tempera- 
tures, May 1951, Nat. Bur. Standards Circular 520, 1952, 
180-206). Structural failure of welded ships is reduced by 
good design and welding. The notch sensitivity of the steels 
used is improved by reducing the carbon and phosphorus 


content, increasing the fineness of the grain size and 
increasing the silicon or manganese contents.—£. T. L. 
Intergranular Brittleness in Iron-Oxygen Alloys. W. P. 


Rees and B. E. Hopkins. (J. Iron Steel Inst., 1952, 172, 
Dec., 403-409). [This issue]. 

The Effect of Cold Drawing on the Creep Resistance and 
Structure of 0:5% Molybdenum Steel Steam Piping. E. A. 
Jenkinson and D. C. Herbert. (Brit. Elec. Allied Ind. Res. 
Assoc., 1952, Technical Report J/T154). Two steels were 
used (one with 0:9% Cr and 0-:4% Mo; the other with 0-5% 
Mo and 0-:2% V). The cold drawing of the two steels improved 
the surface finish and did not result in any deterioration of 
the creep resistance, provided that the pipes were normalized 
after cold-drawing. Neither steel showed a tendency to 
graphitize on prolonged heating after welding either in the 
cold-drawn or hot-drawn condition; normalizing slightly 
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improved the creep resistance of each steel, whether cold- 
drawn or hot-drawn.—B. G. B. 

Effect of the Microstructure Formation, Dependent on Heat- 
Treatment and Alloying, on the Creep Strength of Steel. H. 
Bennek and G. Bandel. (Technische Mitteilungen Krupp 
Forschungsberichte, 1943, 6, Mar., No. 9, 143-176). Experi- 
ments of short and long duration on the effect of ferrite and 
A.S.T.M. grain size on the creep strength of steels are described. 
The effect of the type of microstructure in different experi- 
mental alloy steels and heat-treated steels on the creep strength 
is described in detail. The effect of alloying, especially the 
chromium and molybdenum (and also the carbon) content 
of the steels, was observed and the subsequent critical cooling 
speeds and the transformations that occurred were noted. 
Finally, the dependence of creep strength on the temperature 
and the effect of the duration of application of the load were 
investigated.—R. J. w. 

Behaviour of Materials in Heat and Cold. W. Ruttmann 
and M. Werner. (Z.V.d.J., 1952, 94, July 11, 673-682). 
Brittleness at low temperatures and creep at high tempera- 
tures, tests, methods of improving the notch ductility of steel, 
and the work hardening and softening of ferrous and non- 
ferrous metals and sintered powders, are surveyed.—J. G. W. 


The Influence of Copper, Nickel and Tin on the Hot Working 
Properties of Mild Steel. G. G. Foster and J. K. Gilchrist. 
(Metallurgia, 1952, 45, May, 225-230). An assessment of the 
hot-working properties of mild steel containing various 
amounts of copper, nickel, and tin was made on the basis of 
bend tests carried out at high temperatures (950—1200° C.). 
Both microscopical and visual examinations were made of 
the test pieces, and the results were examined statistically. 
It was concluded that the addition of nickel to copper-bearing 
steels results in improved hot-working properties, whilst the 
addition of tin to copper or copper—nickel steels has the 
reverse effect.—B. G. B 

The Development of a Strain- or Displacement-Actuated 
Electronic Trigger for High-Temperature Stress-Relaxation 
Testing and Other Purposes. D. C. Herbert and D. J. Arm- 
strong. (Metallurgia, 1952, 45, May, 267-270). An electro- 
mechanical system developed specifically for stress-relaxation 
testing is described. The importance of temperature control 
of the specimen is stressed and the measures necessary to 
overcome errors are mentioned.—Bs. G. B. 

The Creep and Stress-Rupture Testing of Steam-Boiler 
Materials. J. B. Romer and H. D. Newell. (Trans. Amer. 
Soc. Mech. Eng., 1952, '74, Feb., 157-174). The significance 
of the time factor in testing, in relationship to long-life high- 
performance steam generating plant, and the general effects 
of metal oxidation from steam and combustion atmospheres 
are discussed. The relative merits of long-time creep tests and 
stress-rupture tests are considered and typical test data are 
cited for each. Temperature limits for superheater-tube 
materials and a résumé of field experience on carbon and 
alloy steels are given.—D. H. 

Physico-Chemical and Structural Phenomena which Affect 
the Hot Strength of Heat-Resisting Austenitic Alloys. P. 
Chevenard and X. Waché. (Schweiz. Arch. Wiss. Techn., 
1952, 18, Apr., 127-136). [In French]. Austenitic Fe—Ni-Cr 
alloys with additions of silicon, molybdenum, or tungsten, 
which have a high mechanical strength at elevated tempera- 
tures, are liable to be very sensitive to working conditions, 
which may bring about such changes as partial transformation 
of y-iron to a-iron, segregation of sigma phase, and solution 
or precipitation of tungsten or molybdenum compounds. It 
is essential, in order to ensure correct treatment of the alloys 
as well as to eliminate risks, to study these changes in detail. 
Methods used for this study are described. They include 
dilatometric measurements, study of magnetic and thermo- 
electric changes with temperature, mechanical tests on small 
specimens, creep tests, X-ray crystal analysis, and examina- 
tion of microstructure.—H. R. M. 

High-Temperature Materials: Tests Used as Criteria of Service 
Behaviour. L. B. Pfeil. (Swiss Soc. Testing Materials: Schweiz. 
Arch. Wiss. Techn., 1952, 18, Mar., 88-97). [In English]. 
The most important properties in materials for high-tempera- 
ture service are creep resistance, fatigue resistance, oxidation 
and corrosion resistance, and resistance to thermal shock. 
Tests used for determining each of these are critically 
examined, with particular reference to materials for gas 
turbines. (25 references).—Hn. R. M. 

Strain-Hardening and Softening with Time in Reference to 
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Creep and Relaxation in Metals. A. Nidai. (Trans. Amer. 
Soc. Mech. Eng., 1952, 74, Apr., 403-413). Analytical ex- 
pressions are formulated for describing the influence of 
strain-hardening, of the time-rate change of the resistance 
to flow, and of recovery strains on the creep and relaxation 
of metals under uniaxial stress.—D. H. 

Report on the Elevated-Temperature Properties of Stainless 
Steels. W. F. Simmons and H. C. Cross. (Amer. Soc. Test. 
Mat., 1952, Special Report No. 124, 1-116). This report 
is a graphical summary of data for commercially produced 
stainless steels. Curves are given for tensile strength, yield 
strength, elongation, reduction of area, rupture stresses, and 
the stresses resulting in various creep rates.—E. T. L. 

On the Properties of the Growth of Gray Cast Iron, Compared 
with Sintered Iron, for Oilless Bearing. T. Mitsuhashi, S. Yokoi, 
and T. Hagiwara. (J. Mech. Lab., 1952, 6, Jan., 15-17). 
[In Japanese]. Growth caused by repeated heating (30-35 
times) to 900° C. resulted in a loss of tensile strength from 
17-6 to 13-1 kg./sq. mm. and a 118% increase in bending 
deflection. The authors think, however, that even the lower 
limit of strength is not unfavourable compared with that of 
sintered iron powder.—J. G. W. 

Sintered Materials for Gas Turbines. A. Vambersky. 
(Hutnické Listy, 1952, '7, Mar., 129-132). [In Czech]. The 
properties at high temperatures of several sintered materials, 
predominantly those consisting of mixtures of metallic and 
non-metallic refractory powders, are discussed. Considerable 
importance is ascribed to the potential developments of 
titanium carbide sinters containing various proportions of 
cobalt and nickel.—p. F. 

Mechanism of Decarburisation of Cast Iron in Hydrogen. 
B. Chatte rj ys) and P. C. Ghosh. (Science and Culture, 1951, 
17, Dec., 258-259). A skin effect and gradation of carbon 
content in hydrogen-treated cast iron has been observed. A 
diffusion process is postulated in which the presence of micro- 
pores is used to explain these phenomena. The skin is formed 
because the decarburization rate is faster than the diffusion 
velocity of carbon. The effect of moisture on the carbide- 
hydrogen reaction is mentioned.—t. FE. D. 

Tensile Properties of Wrought Austenitic Manganese Steel 
in the Temperature Range from + 100°C. to — 196°C. H.C. 
Doepken. (Trans. Amer. Inst. Min. Met. Eng.: J. Met., 
1952, 4, Feb., 166-170). Results are given of axial tensile 
tests carried out on wrought austenitic 12% Mn steel at 
temperatures ranging from + 100° to — 196°C. Ductility, 
fracture stress, and other related properties are found to 
decrease continuously with temperature, and peculiarities 
during straining indicate martensite formation or mechanical 
twinning. The possibility of «-iron being formed during tensile 
testing, as suggested by other workers, is not confirmed.—c. F. 

Diffusion and Precipitation of Carbon in Some Alloys of 
Iron. C. Wert. (Trans. Amer. Inst. Min. Met. Eng.: J. Met., 
1952, 4, June, 602-603). By measuring internal friction, the 
author has studied the effect of alloying elements on the 
diffusion and precipitation of carbon in iron. The presence 
of chromium, nickel, manganese, vanadium, and molybdenum 
in amounts of about 0-5% has no apparent effect on the 
diffusion rate of carbon in iron, and, with the exception of 
vanadium, these elements do not affect the rate of precipita- 
tion. Vanadium hastens the precipitation of carbon.—c. F. 

Effect of Steel Composition upon Sticking of Sheet in Rolling. 
V. Magidson. (Stal, 1943, 3, 5-6, 67). Experiments described 
indicate that to reduce ‘ stickers’ in the pack-rolling of steel 
sheets, while maintaining good drawing quality, the phos- 
phorus content should be in the range 0-07—0-10%.—R. A. R. 

Stratospheric Flight and Metallurgy. P. L. Teed. (Aeroplane, 
1952, 82, Mar., 334-335). The rapid wear of commutators, 
slip rings, and brushes, operating in conditions of low humidity, 
is discussed. The importance of differences in thermal 
expansion of the components of an aircraft are discussed in 
relation to soldered joints, and the use of austenitic steel 
D.T.D. 247, having approximately the same temperature 
coefficient as that of wrought aluminium, is mentioned. The 
effect of low temperature on the properties of metals is 
discussed and predictions of the future metallurgical require- 
ments of aircraft are made.—B. G. B. 

Effect of Manufacturing Conditions on the Properties of 
Large Forgings for Steam Turbine Sets. R. Schinn. (Stahl 
u. Eisen, 1952, 72, June 5, 676-683). J. Novak’s review of 
the development in the production of heavy forgings for 
steam turbines (see J. Iron Steel Inst., 1950, 165, Aug., 465) 
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is supplemented by data from the literature and by the 
author’s own investigations. The desirability of using the 
smallest possible ingot for a forging runs counter to that of an 
adequate amount of forging, and a compromise is reached by 
alternately drawing and up-ending, about which some details 
are given. The most suitable chemical composition of steel 
for turbine forgings is discussed. To attain the best mechanical 
properties, heat-treatment of the components is necessary. 
Axial boring of rotors is necessary for heat-treating and the 
absence of a boring does not lower the mechanical strength 
required at the blade roots. The testing of rotors is carried 
out on cores trepanned tangentially to the axial boring. 
Testing by ultrasonics is not sufficiently developed for it to 
be used for acceptance purposes.—J. P. 

Diffusion of Hydrogen in Steel. U. V. Bhat. (Trans. 
Indian Inst. Met., 1950, 4, 279-289). A simple apparatus 
for measuring the volume of cathodically produced hydrogen 
diffusing through a cylindrical wall of a steel specimen of a 
uniform thickness has been devised. The effect of grain size, 
composition, and structure on the rate of hydrogen diffusion 
through steels was studied. It is concluded that this rate 
of diffusion in iron is not affected by the grain size. The 
diffusion normally takes place through the lattice.—p. H. 

Absorption of Diatomic Gas by Binary Alloys. T. Saité. 
(Sci. Rep. Res. Inst. Téhoku Univ., 1951, 8A, Aug., 502-512). 
Previously reported experimental data on the absorption of 
nitrogen by molten binary alloys in the molten state were 
examined by statistical thermodynamics. A formula based 
on previous findings concerning the tendency for the gas to 
accumulate around one of the elements was derived; this 
explained earlier results on the absorption of nitrogen by 
molten Fe-Cr, Fe—Mn, and Fe-Ni alloys.—s. Gc. w. 

Copper in Stainless Steels. H. Thielsch. (Weld. Res. Council 
Bull., 1951, Aug., No. 9). This is a review of the effects of 
copper, nickel, chromium, and other elements in steel on the 
physical properties and corrosion resistance in particular. 
(166 references).—v. E. 

The Effect of Cerium on Ductility and Impact Strength of 
Steel. C. D. Berry and A. A. Dorvel. (Amer. Foundryman, 
1951, 20, Dec., 45-46). The authors find that cerium raises 
the ductility and impact strength by changing the shape, 
quantity, and distribution of non-metallic inclusions in carbon 
and alloy steels.—®. T. L. 

The Effect of Tellurium on Cast Iron. T. Tanaka, A. Mura- 
mutsu, and T. Ishiwatari. (J. Mech. Lab., 1952, 6, Jan., 
31-35). [In Japanese]. The chilling effect of tellurium was 
studied experimentally and it was found that it acts as a 
strong cementite stabilizer in cast iron, causing surface 
hardening.—4J. G. w. 

Steels for Use in Water Pipes of Hydro-Electric Power 
Stations. U. Bellometti. (Costruzioni Met., 1952, 4, May—June, 
22-25). [In Italian]. A brief description is given of the 
principal requirements which pressure pipes must satisfy with 
regard to welding, hot and cold deformation, and ageing. 
Reference is made to the Siilzer, Fiat, and French specifica- 
tions and to safety factors.—m. D. J. B. 

Manganese Steels Lengthen Rail Life. D. P. Carr. (Overseas 
Eng., 1952, 26, Aug., 12-13). A description is given of rail 
tracks which have been fabricated from manganese steels 
for various overseas railways. High manganese steel rapidly 
work-hardens and the life of parts made of this steel can 
be measured in years.—B. G. B. 

The Properties of Ordinary Basic-Bessemer Steels and their 
Improvement by Killing with Silicon and Aluminium. H. 
Hauttmann. (Mitteilungen aus den Forschungsanstalten des 
Gutehoffnungshtitte-Konzerns, 1943, 10, Feb., No. 1, 1-10). The 
characteristic properties of ordinary unkilled basic-Bessemer 
steel are described and experimental results on the toughness, 
after deformation and ageing at high and low temperatures 
are given, together with the effect of local deformation and 
welding. The properties of silicon- and aluminium-killed 
improved basic-Bessemer steel (Sialtho steel) that determine 
the usefulness in replacing open-hearth steel are given. 
Sialtho steel of various strengths (from 34 to 70 kg./sq. mm. 
min.) is adaptable for many uses, several of which are recom- 
mended in this paper.—R. J. W. 

The Metals Used for Mechanical Springs. F. P. Zimmerli. 
(Metal Progress, 1952, 61, May, 97-206). The manufacture 
of flat springs from carbon, alloy, and stainless steels is first 
discussed and the carburization of low-carbon stock is con- 
sidered. Hard-drawn wire, although the cheapest, is being 





JOURNAL OF THE IRON AND STEEL INSTITUTE 





ABSTRACTS 


replaced by oil-tempered wire, which is made by drawing 
continuously annealed wire rod and then heat-treating the 
product. The use of alloy steels for valve-spring wire and 
for high carbide steels to withstand high temperatures is 
reviewed. Non-ferrous springs are also considered.—n. G. B. 


Peculiar Behavior of Steel Beams Under Dead Loads that 
Produce Inelastic Strains. H. T. Corten, M. E. Clark, and 
O. M. Sidebottom. (Trans. Amer. Soc. Mech. Eng., 1952, '74, 
Apr., 349-354). The investigation reported was undertaken 
to determine the effect of testing members under dead load 
where each increment of load could be maintained on the 
member long enough for equilibrium to be reached. Five 
statically determinate beams, four mild-steel beams of various 
cross-sections, and one rail-steel rectangular beam were tested 
in a dead-load testing machine.—p. H. 

An Experimental Investigation of Over-Straining in Mild 
Steel Thick-Walled Cylinders by Internal Fluid Pressure. M. C. 
Steele and J. Young. (Trans. Amer. Soc. Mech. Eng., 1952, 
74, Apr., 355-363). The author discusses the mechanism of 
straining, and compares with plastic theories the strains 
observed at the bore and outside surfaces of mild-steel 
cylinders of 2: 1 diameter ratio under internal fluid pressure. 
Observations disagree with theoretical assumptions concerning 
the progression of yielding; wedge regions of overstrained 
material, occupying a small fraction of the total volume, 
characterize the yielding process.—D. H. 

A New High-Yield Strength Alloy Steel for Welded Structures. 
L. C. Bibber, J. M. Hodge, R. C. Altman, and W. D. Doty. 
(Trans. Amer. Soc. Mech. Eng., 1952, 74, Apr., 269-285). 
The properties of a new steel, developed by the United States 
Steel Company, called “ Carilloy T-1” are presented. It is 
characterized by yield-strength levels of 100,000 Ib./sq. in. 
and above. At these levels it retains its toughness to much 
lower temperatures than ordinary structural steels. In 
addition, welds which develop the full strength of the base 
metal can be made without pre- or post-heating.—D. H. 

What Boron Steels to Use and Why. H. B. Knowlton. 
(Steel, 1952, 180, Mar. 24, 84-86). It is suggested that boron 
alloy steel substitutes, the chemical composition of 37 being 
listed, should be selected on the basis of duplicating the 
minimum hardenability to a distance on the Jominy specimen 
corresponding to the critical section of the production part. 

Cast Crankshafts in Quantity Produced Engines. (Oi Engine 
and Gas Turbine, 1952, 20, Aug. 15, 132-133). Some par- 
ticulars are given of the spheroidal graphite cast-iron crank- 
shafts now used for the Petter 3-15-in. bore single-cylinder 
oil engines.—R. A. R. 

Hot Rolled Carbon Steel Bars. (Amer. Iron Steel Inst., Steel 
Products Manual Section 8, Aug., 1952). This 78-page hand- 
book gives information on the manufacturing practices, 
quality, chemical and mechanical properties, and tolerances 
relating to American practice in the production of hot-rolled 
steel bars.—R. A. R. 

Semifinished Carbon Steel Products for Forging. (Amer. 
Iron Steel Inst., Steel Products Manual Section 2, Aug., 1952). 
This 45-page handbook gives details of the American manu- 
facturing practices, qualities produced, and chemical require- 
ments for ingots, blooms, billets, and slabs for forging.—R. A. R. 

Effect of Supply Situation on Quality of Swedish Alloy Steels. 
R. Arpi. (Jernkontorets Ann., 1952, 186, May, 124-130.) 
[In Swedish]. In order to comply with ECA quotas, Sweden’s 
consumption of nickel and molybdenum must be reduced to 
60-70% of 1951 figures. Recommendations are made govern- 
ing the correct grade of steel for various purposes, and revised 
specifications are included for high-speed, tool, stainless, and 
case-hardening steels.—G. G. K. 

Steels for Steam Boilers: Recent German Trends. K. Kreitz. 
(Iron Coal Trades Rev., 1952, 165, July 4, 33-34). Recent 
developments in the manufacture of boiler steels in Germany 
are briefly reviewed. Molybdenum is the predominating 
alloying element used in this industry, and the use of substitute 
alloying elements made necessary by shortage of molybdenum 
is discussed.—c. F. 

Grey Cast Iron as Bearing Material. RK. Brabenec. 
renstvi, 1952, 2, No. 1, 25-27). [In Czech]. 

Dynamic Properties of Nodular Cast Iron. Part I. H. Majors. 
(Trans. Amer. Soc. Mech. Eng., 1952, 74, Apr., 365-380). 
Results of an investigation into the mechanical properties of 
magnesium-treated nodular cast iron in the annealed and 
the as-cast conditions are reported. The dynamic stress- 
concentration factors are compared with Neuber’s theoretical 
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factors for hyperbolic notches, with Peterson’s results on steel, 
with Frocht’s photoelastic results, and with Grant’s data on 
flake-graphite cast iron and cerium-treated nodular iron. 
Fatigue results are also shown.—D. H. 

_ Developments in Spheroidal-Graphite Cast Iron. R. Ziegler. 
(Osterr. Masch. Elektrowirtschaft, 1952, 7, Jan., 13-15). 
Spheroidal graphite cast iron will shortly be made by the 
magnesium process at the Liezen Foundry under licence from 
the Mond Nickel Co. Its mechanical, physical, and corrosion- 
resisting properties are compared with those of flake-graphite 
cast iron, and examples of components for which it is par- 
ticularly suitable are listed.—un. R. M. 

Some Experiments with Ductile Cast Iron. C. C. Hodgson 
and C. 8. Johnson. (Metallurgia, 1952, 45, May, 218-224). 
An account is given of work carried out to enable ductile 
and blackheart malleable cast irons to be compared. The 
influence of raw materials on the nodule forming tendency 
is examined, and the relationship between chemical com- 
position and mechanical properties of the annealed ductile 
cast iron is established. The production of iron on laboratory 
and foundry scales is described.—ns. a. B. 

Contribution of Research to the Metallurgy of Cast Iron: 
Review of Established Principles of Testing. R. V. Riley. 
(Iron Coal Trades Rev., 1952, 164, Apr. 18, 857-864). After 
briefly tracing the contribution of research to the metallurgy 
of cast iron from early times, the author reviews methods 
of investigating the properties of cast iron and discusses 
achievements in research in this field, including the develop: 
ment of nodular graphite material. Future trends in the 
cast-iron foundry industry are also considered.—e. F. 

Engineering Properties and Applications of §.G. Iron. A. B. 


Everest. (Engineer, 1952, 198, June 13, 794-795; June 20, 
838-840). This paper, presented before the International 


Mechanical Engineering Congress in Sweden, June 4 to 10, 
1952, attempts to summarize the latest information available 
on the raw spheroidal graphite cast irons. Various modifica- 
tions of the materials have been developed.—m. D. J. B. 

Corrosion-Resistant Steels and Their Application as Liner 
Material in the Chemical Industry and in the Petroleum 
Industry in Particular. J. H. van Swaal. (Metalen, 1952, 7, 
Apr. 30, 137-143; May 31, 173-177). [In English]. Structural 
changes involving weld decay, embrittlement, and sigma 
phase are discussed in relation to chromium and chromium— 
nickel steels. The making of clad steels by the various 
processes is described and the methods of fixing liners and 
liner repair procedure are reviewed.—k. Ss. 

Decontrolled Stainless: A Solution to Shortages. (Steel, 1952, 
130, Mar. 24, 72-74). A list of straight chromium stainless 
steels which have been decontrolled in America is given. 
They are corrosion and oxidation resistant and can be forged, 
machined, and welded. It is suggested that many of these 
grades now being used will continue to be used even when 
nickel is again available.—a. M. F. 

The Uses of Stainless Steels. H. P. Forder. (Costruzioni 
Met., 1952, 4, Jan._Feb., 20-24). [In Italian]. The author 
reviews the development of stainless steels from their discovery 
by Brearly. The physical, mechanical, chemical, and corrosion- 
resisting characteristics of these steels are discussed. Produc- 
tion figures for the last four years are given for the U.S.A., 
Great Britain, and Western Europe. These steels are classified 
into two groups: The 18/8 austenitic steels, and the ferritic 
and martensitic steels containing 13%, 17%, and 20% of 
chromium. A detailed list of uses is given.—m. D. J. B. 


METALLOGRAPHY 


Specialized Microscopical Technique in Metallurgy. %. 
Tolansky. (Inst. Metals Monograph and Report Series, 1952, 
No. 13, 1-22). The metallurgical microscope is considered to 
have the functions of magnification, resolution, contrast, 
and display of topography. These are reviewed.—k. T. L. 

Optical Microscopy. F. G. Foster. (Bell. Lab. Record, 1952, 
30, June, 253-260). The application of optical microscopy to 
engineering and research is reviewed. The preparation of 
specimens for microscopical examination is described and the 
use of several techniques, including phase contrast, is explained 
with illustrations.—B. G. B. 

Micromanipulators and Their Accessories. L. Otto. (Z.V.d.I., 
1952, 94, Aug. 11, 754-760). This is a survey of micro- 
manipulators and their accessories, with classification accord- 
ing to the type and range of movements, together with 
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illustrations and drawings. Technological applications, e.g., 
metallography are mentioned.—J. G. w. 

Evaluation of Several Types of Replicas. J. J. Comer and 

F. A. Hamm. (Analy. Chem., 1952, 24, June, 1006-1015). 
The preparation of substrates for high resolution electron 
microscopy was studied. Gelatin films, per se and chrome- 
hadowed, were used as standards for comparing one-step 
silica and two-step polystyrene-silica replicas, from the stand- 
point of accuracy and ease of preparation. Micrographs are 
included and the results discussed. For critical work, more 
than one type of replica is needed.—t. E. D. 

Heterogeneity of Metal Surfaces. M. Boudart. (J. Amer. 
Chem. Soc., 1952, 74, July 23, 3556-3561). An effect known 
as ‘induction’ is described, and provides a quantitative 
explanation for the fall in adsorption heat with coverage in 
all cases where data are available. Other problems in chemi- 
sorption and catalysis are also explained. In particular, the 
nature of ‘ active centres’ is elucidated.—tr. E. D. 

Micro-Analysis in Metallurgy. (Chem. Age, 1952, 66, June 7, 
865-868). A survey of German investigations includes 
references to study of structure by obtaining, by chemical or 
electrochemical means, suitable test micro-samples. Also 
considered are carbide inclusions, the kinetics of reactions in 
solid steel, oxide inclusions, and silicate and various other 
inclusions.—T. E. D. 

Polarized Light and Anisotropic Materials. G. K. T. Conn 
and J. M. Naish. (‘‘ Polarized Light in Metallography,” 
Butterworth, London, 1952, 1—23). The wave nature of 
light is discussed and methods of production of polarized 
light are outlined. The use of anisotropic crystals, particularly 
calcite, in the form of a nicol prism, for polarization is 
explained. The properties of Tourmaline and Polaroid are 
mentioned. The operation of a quarter-wave plate and the 
detection of birefringence with a sensitive tint plate are 
described. Intensity relations with parallel light, rotary 
polarization, and convergent polarized light are discussed, 
and the optical system of a polarizing microscope is illus- 
trated.—T. E. D. 

The Principles of Reflection and Absorption. G. K.T.Conn 
and J.M. Naish. (*‘ Polarized Light in Metallography,” Butter- 
worth, London, 1952, 24-40). The relationships between 
conducting and dielectric properties and those of reflection 
and transmission of light are explained. Optical properties, 
such as refractive index, are defined, and the classification 
of materials by these properties is outlined. The charac- 
teristics of reflection from isotropic metals and _ isotropic 
dielectrics are illustrated, and the behaviour of anisotropic 
materials is mentioned.—t. E. D. 

Equipment and Procedure for Microscopy by Reflected 
Polarized Light. A. F. Hallimond and E. W. Taylor. (‘* Polar- 
ized Light in Metallography,” Butterworth, London, 1952, 
41-69). A general treatise is presented on the basic require- 
ments and choice of instruments for the study of materials 
with reflected polarized light. Details are given of the various 
components of a suitable microscope, and its adjustments 
are explained. The procedure for the routine examination 
of a specimen is given.—t. E. D. 

The Examination of Metal Surfaces. E. C. W. Perryman. 
(‘* Polarized Light in Metallography,”’ Butterworth, London, 
1952, 70-87). The importance of the polishing of specimens 
is emphasized. The usual structures of a number of metals 
known to react to polarized light are given. The examination 
of isotropic metals by suitable deep etching or by the deposi- 
tion of a surface film is described. Photomicrographs are 
included. The qualitative and quantitative identification of 
phases in alloy systems are outlined. (61 references).—tT. E. D. 

A Microscopical Examination of Samples of Iron Contain- 
ing Aluminous Inclusions. R. E. Lismer and F. B. Pickering. 
(J. Iron Steel Inst., 1952, 172, Dec., 381-383). [This issue]. 

The Examination and Identification of Inclusions in Metals 
and Alloys. H. Morrogh. (‘‘ Polarized Light in Metallography,” 
Butterworth, London, 1952, 88-104). The use of the polariz- 
ing microscope for the identification of inclusions is usually 
possible only in a simple and empirical manner. Pleochroism 
can be useful and the surface geometry of the inclusion can 
also have an application. The behaviours of transparent and 
opaque inclusions under plane polarized light and between 
crossed nicols are outlined. The results of a number of 
examinations are summarized. (20 references).—tT. E. D. 

The Use of Reflected Polarized Light in the Study of Ores. 
E. Cohen. (‘* Polarized Light in Metallography,”’ Butterworth, 
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London, 1952, 105-115). After a survey of the possibilities 
of the method, notes on the equipment necessary are given. 
The methods of study are described and examples of the 
optical properties of a number of iron-bearing absorbing 
minerals are included. (23 references).—T. E. D. 

The Significance of Polarized Light Microscopy in a Study 
of Metals and Ores. B. W. Mott. (‘‘ Polarized Light in 
Metallography,’’ Butterworth, London, 1952, 116-121). The 
use of polarized light in the study of crystal structures as 
applied to minerals, metals, and alloys is surveyed. The 
possibilities of its use with both isotropic and anisotropic 
materials are outlined, and the identification of phases in 
metals and non-metals is mentioned.—t. E. D. 

Two New Types of Laboratory Melting Furnace. W. J. 
Kroll. (Z. Metallkunde, 1952, 48, July, 259-261). A laboratory 
graphite-tube resistance furnace suitable for melting 2-40 Ib. 
of metal, and an arc furnace suitable for the preparation of 
metallurgical 3—7-oz. samples are described.—P. F. 

Embedding Sections in Synthetic Resins. ©. Petersen. (Z. 
Metallkunde, 1952, 48, July, 250-251). The correct procedure 
for embedding sections and other objects in synthetic resin 
is explained in detail with particular reference to polishing 
and etching requirements.—P. F. 

An Apparatus for Electrolytic Polishing and Etching of 
Metallographic Specimens. [F. Staub, E. Olewicz, and G. 
Zaborowski. (Hutnik, 1952, 19, 5, 174-178). [In Polish]. 
A description of an apparatus for electrolytic polishing and 
etching of metallographic specimens is given.—v. G. 

Identification of “ Inclusions ” in Austenite 18 Cr-8 Ni-Cb 
(Type 347) Steel. E. J. Dulis and G. V. Smith. (Trans. Amer. 
Soc. Metals, (Reprint), 1952, 877-881). The inclusions in this 
steel were concentrated by selective etching of the austenitic 
matrix, and were separated by electrolytic or direct solution 
in HCI and then examined by X-ray diffraction. It is con- 
cluded that the characteristic inclusions in this steel are 
essentially a solid solution of CbC and CbN containing 
approximately equal amounts of carbon and nitrogen.—B. G. B 


Behaviour of the Nitrides in Steel in a Stream of Hydrogen 
in Vacuo with Special Reference to the Possibility of Separation. 
H. Fucke and M. Méhrle. (Technische Mitteilungen Krupp, 
Forschungsberichte, 1943, 6, Mar., No. 5, 75-85). The behaviour 
of all the possible nitrides of steel in hydrogen and in vacuo 
at various temperatures was investigated. Nitrides of alu- 
minium, titanium, and silicon did not decompose, chromium 
and vanadium nitrides did so only at higher temperatures, and 
iron and manganesé nitrides at lower temperatures: this lead to 
the method of separation proposed by Holthaus. Suitable 
experiments with nitride mixtures and steel specimens showed 
the usefulness of the hydrogen reduction method to separate 
iron and aluminium nitrides. The separation of nitrides by 
vacuum extraction is impracticable owing to the long experi- 
mental time required.—R. J. W. 

Nodules ~ _—— in Nodular Iron. J. E. Rehder. (Amer. 
Foundryman, 1952, 21, Feb., 44-48). Examination of nodular 
iron under the microscope and with an electron microscope 
leads the author to believe that there is a core in the 
centre of many nodules which is not graphite, but is hard, 
with a tendency to chip or flake. This nucleus has a distorted 


regular polygonal form, perhaps of hexagonal habit. It is 
chemically inert.—k. T. L. 

Radio-Active Isotopes in Metallography. M. Hillert. (Tekn. 
Tidskr., 1952, 82, June 30, 610-612). [In Swedish]. The 


application of radio-active isotopes to the study of self- 
diffusion of silver, the distribution of lead, sulphur, and 
phosphorus in steel, and the indication of traces of aluminium 
and boron is described briefly, with emphasis on auto- 
radiographic methods for determining diffusion velocities. 

Micrographical Study of Brittle and Tough States in Low- 
Alloy Carbon Steels. P. A. Jacquet. (Rev. Mét., 1952, 49, 
Mar., 195-207). Fragile steels reveal, on etching with ethereal 
picric acid solution, a network of grain boundaries, and within 
the grains a substructure on certain planes. Chemical com- 
position affects details of this structure and the cen- 
ditions of its appearance. The reversible strong-brittle 
transformation is assumed to occur in situ in regions where 
heterogeneity is already present.— aA. G 

The Conditions of Flow in Multi-Axially Stressed Poly- 
crystalline Metals. U. Dehlinger. (Z. Metallkunde, 1943, 35, 
Sept., 182-184). General deformation energy conditions are 
derived by consideration of conditions of flow in single 
crystals. Considerations of the polycrystalline yield point for 
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cubic crystals, and the critical shear stress for single crystals 
yield equations involving both torsional and tensional stresses. 
It is mathematically shown, by means of the deformation 
energy hypothesis given by flow conditions, that in any 
stressed state for an isotropic crystalline mass, Schmid’s 
shear-stress law holds for a single-crystal constituent.—R. J. w. 


On the So-Called Forced Secondary Recrystallization and a 
Method of Demonstrating Primary Recrystallization. Kk. W. 
Schmidt. (Z. Metallkunde, 1943, 35, Nov., 233-236). The 
term ‘ forced secondary recrystallization ’ is first defined and 
details of its previous use for aluminium, tin, and zine are 
given. Next the characteristics of primary recrystallization 
are given and a method of demonstrating it by large crystal 
formation after heavy deformation is described. The use 
of the term ‘ forced secondary recrystallization ’ to describe 
phenomena in tungsten and Fe-Ni alloys is criticized.—x. J. w. 

The Secondary Emission of the Transitional Metals in 
Consequence of the s-d Transitions. H. Schlechtweg. (Tech- 
nische Mitteilungen Krupp, Forschungsberichte, 1943, 6, Mar., 
No. 7, 99-136). This is a mathematical paper in which the 
effect of primary electrons on the probability of the existence 
of various states is first considered. The transitions within 
the s- and d-bands and transitions from one band to another, 
together with the impulse and energy jumps for these transi- 
tions are discussed. Fermi statistics are used to calculate 
the number of states in the s-band with missing electrons. 

High-Duty Apparatus for X-Ray Fine Structure Investiga- 
tions. H. Verse. (Meiall, 1942, 21, Jan., 1-3). A small 
X-ray tube (about 20 em. long) giving a strong beam, and its 
transformer and switch gear, are described.—k. G. 

Line Multiplication in X-Ray Back-Reflection Photographs 
of Polycrystalline Materials. F. Regler. (Metall, 1942, 21, 
May, 249-255). The interference spots on a photograph of a 
coarse-grained material cannot be relegated to a line but only 
to a band. This line broadening is shown to be due to refrac- 
tion of the X-ray beam as it enters and leaves the grain. The 
phenomenon can be eliminated by cold-working the specimen 
or rotating it about the primary ray axis.—k. G. 

Sharp-Edged Delimitation of X-Ray Interference Lines in 
Investigations of Polycrystalline Materials. F'. Regler. (Metall, 
1942, 21, May, 273-279). In back reflection photographs, 
lines have been found with sharp edges almost visible to 
the naked eye. The contrast is not very good. The edge can 
occur on both sides of the line but is generally on one only: 
the effect is most visible with fine-grained specimens. The 
X-rays are not only reflected by the crystal lattice but are 
also refracted. If the angle at which the beam meets the 
reflecting plane is nearly equal to the angle of total reflection, 
then the interference line will have sharp bands similar to 
absorption edges.—k. G. 

X-Ray Helps Produce Better Wire by New Methods Which 
Analyze Crystal Structure of Base Metals. J. Buhler. (Wire 
and Wire Products, 1952, 27, June, 570-573). The practical 
use of an X-ray diffraction apparatus, coupled with a Geiger 
counter and strip chart recorder, for production control, is 
indicated. The difference between X-ray diffraction and 
fluorescence analysis is explained, and the major part of the 
article is devoted to the latter.—J. G. w. 

X-Ray Measurements of Stresses in Individual Crystallites 
in a Steel in Tension. G. Frohnmeyer and E. G. Hofmann. 
(Z. Metallkunde, 1952, 48, May, 151-158). The state of stress 


in individual crystallites of a coarse-grained steel subject to 


tension was determined. A method due to R. Glocker was 
employed, facilitating the simultaneous determination of stress 
and of the lattice parameters of the unstressed crystallites. 
The formule used and the nature and magnitude of possible 
errors are discussed. Results show that the yield stress of 
the ferritic surface grains is only a little higher than that of 
single crystals. It is higher in grains surrounded by pearlite, 
but is still considerably below the macroscopic yield point of 
the specimen; the pearlite matrix appears here to determine 
the yield behaviour of the ferritic grains. The magnitude of 
the mean yield stress of the smaller grains surrounded by 
pearlite corresponds approximately to the measured values 
of the macroscopic yield stress. This can be related to the 
slip-inhibiting action of the hard carbide lamelle in the 
pearlite.—p. F. 

The Use of Polarized Light for the Examination of Etched 
Metal Crystals and their Orientation. P. Dunsmuir. (Brit. J. 
Appl. Phys., 1952, 3, Aug., 264-267). Observation of the 
state of polarization of reflected polarized light enables single 


DECEMBER, 1952 





ystals 
‘esses. 
1ation 
1 any 
mid’s 
Te 
and a 
t. W. 

The 
d and 
ie are 
zation 
rystal 
e use 
scribe 
aoe. 
iis in 
Tech- 
Mar., 
h the 
stence 
vithin 
other, 
ransi- 
culate 
trons. 
stiga- 
small 
nd its 


raphs 
2, 21, 
n of a 
only 
efrac- 

The 
cimen 


les in 
Tetall, 
‘aphs, 
le to 
e can 
only: 

The 
it are 
s the 
ction, 
lar to 


Nhich 
(Wire 
ctical 
yeiger 
‘ol, is 
. and 


of the 


allites 
nann. 
stress 
ct to 
r was 
stress 
llites. 
ssible 
sss of 
at of 
irlite, 
nt of 
“mine 
de of 
d by 
ralues 
o the 
1 the 


tched 
rit. J. 
f the 
single 


1952 





ABSTRACTS 457 


and multiple reflections to be differentiated, which may, in 
specific cases, allow determination of the crystal orientation. 
The procedure is simple and rapid, and of greatest use where 
a certain orientation is known to be preferred, as with cold- 
rolled silicon—iron alloys.—®. T. L. 

Precipitation of Carbon and Nitrogen in Cold-Worked 
Alpha-Iron. S. Harper. (Phys. Rev., 1951, 88, Aug. 15, 
709-712). The strain-induced precipitation of carbon and 
nitrogen from supersaturated solution in «-iron is shown to 
be in agreement with a dislocation mechanism, and estimates 
of the dislocation density required to produce the observed 
precipitation rates agree with dislocation theory. The 
activation energies involved in the process are 20,000 cal./mole 
for carbon and 17,200 for nitrogen.——c. J. B. F. 

The Possibility of Using Low Temperature Oxidation Colours 
for the Study of the Recrystallization of Iron. J. Bardolle. 
(Compt. Rend., 1952, 284, May 26, 2201-2202). After prepara- 
tion, samples are heated in oxygen at 290° C., when each 
individual crystal is uniformly tinted. Heating at 850°C. 
removes this colour by dissolving the oxide film in the iron 
below. Grain growth can thus be followed by successive 
heatings in vacuo and then at 290° C.—a. a. 

A Note on the Concentration of Nuclei when Precipitated 
from Supersaturated Solid Solutions. E. Scheil. (Z. Metall- 
kunde, 1952, 48, Feb., 40-41). It is shown, using Becker’s 
theory of precipitation from solid solutions, that nuclei 
formed in supersaturated solutions are themselves super- 
saturated with respect to the equilibrium composition 
of large crystals. The energy of activation for the rate of 
nucleation is calculated.—P. F. 

TTT-Diagrams for 7 and 9%, Chromium Steels. W. L. 
Frankhouser and G. N. Emmanuel. (Metal Progress, 1952, 
61, May, 74-79). Samples of the two steels were austenitized 
at 1860° F., quenched, and examined micrographically, and 
the data were used to construct time—temperature—transforma- 
tion curves. The austenite — martensite transformation and 
the effect of lowering the austenitizing temperature were also 
investigated. Photographs are reproduced showing the 
structure of the steels. The information obtained is useful 
in the processes of heat-treatment, general fabrication, and 
welding.—B. G. B. 

Sigma Phase in High-Purity 18-10. S. J. Rosenberg and 
C. R. Irish. (Metal Progress, 1952, 61, May, 92-93). An account 
is given of a study of the solubility of carbon in 18% Cr, 
10% Niaustenite. The alloy, when fairly pure, consists of 
austenite and sigma phases at 1200°F. if equilibrium 
conditions are attained and ferrite is a transient phase. 

Iron-Carbon-Sulphur Melts. D. A. Spratt and J. A. 
Kitchener. (J. Iron Steel Inst., 1952, 172, Dec., 383-386). 
[This issue]. 

The Behaviours of Fe—Al, Fe-Si and Fe-Al-Si Alloys Con- 
sidered from the Standpoint of Ferromagnetic Superlattice. 
I— On the Superlattice Formation in Fe—Al Alloys. H. Sats. 
(Sci. Rep. Res. Inst. Téhoku Univ., 1951, 8A, Feb., 13-23). 
Applying a general theory of ferromagnetic superlattice to 
the analysis of the properties of Fe—Al alloys, complex proper- 
ties near Fe,Al were explained.—.J. G. w. 

Some Theoretical Aspects about the Second Order Superlattice 
in Body Centered Cubic Lattice. H. Sat6. (Sci. Rep. Res. 
Inst. Téhoku Univ., 1951, 8A, Feb., 24-33). General features 
of the behaviour of the second order superlattice are discussed 
theoretically, the discussion being limited to the case in which 
the magnitude of interaction between pairs of atoms is 
regarded as nearly constant, despite the change of the atomic 
arrangement, temperature, or concentration. The formation 
of such lattices is considered improbable owing to the de- 
crease in frequency of atomic transposition at low tempera- 
tures.—J. G. W. 

The Effect of Transformation Stress on Specific Volume of 
Pure Iron at A; Point. M. Saté. (Proc. Japan. Acad., 1950, 
26, Oct., 11-13). The relative changes in volume of iron 
at Ac, or Ar, are calculated to be about 0-3%, which agrees 
with the value of 0-29% measured by S. Sat6 and is consistent 
with the transformation pressures of 2000 atm. as computed 
by K. Honda.—. a. w. 

Austenite in Low Carbon Iron. J. W. Menter, J. Nutting, 
and A. L. Tsou. (Proc. Phys. Soc., 1952, 65B, Apr. 1, 305-306). 
Electron diffraction reflection patterns were obtained from 
ingot iron (0:026% C) which had been quenched from 
700° C., polished, and etched. These patterns appear to show 
that austenite may be formed as a grain-boundary film during 
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quenching and retained with ferrite at room temperature. 
The phenomenon is discussed.—c. J. B. F. 

A Practical Instance of Retained Austenite. M. Pujol Roig. 
(Rev. Ciencia Apl., 1952, 6, Mar.—Apr., 130-131). [In Spanish]. 
The investigation of the physical properties of a steel which 
has undergone a certain heat-treatment, or a series of treat- 
ments, often gives rise to unexpected results. The author 
examines the reasons for the formation of austenite in a 
case-hardened steel. The methods used to transform the 
retained austenite into martensite are briefly described.—R. s. 

The Formation of Residual Austenite in a Ni-Cr-Mo Case- 
Hardening Steel. J. Ferrer Flotats. (Rev. Ciencia Apl., 1952, 
6, Mar.—Apr., 132-140). .[In Spanish]. The causes of the 
formation of residual austenite are analysed by considering 
the effect of the rate of cooling, temperature, alloying 
elements, and grain size. Present methods of decomposing 
retained austenite and forming martensite are described, 
especially hardening and sub-zero treatment. Tests on a 
Spanish Ni-Cr—Mo steel with various heat-treatments are 
described.—R. s. 

The Diffusion of Iron and Aluminium and the Intermetallic 
Layers thus Produced. W. Seith and C. Ochsenfarth. (Z. 
Metallkunde, 1943, 35, Dec., 242-245). An explanation is 
given of the diffusion in the layers between aluminium and 
iron maintained in close contact at 950°C. Sections were 
observed under polarized light, the structures were measured 
by X-ray techniques, and micro-hardness measurements were 
taken. All the possible phases are shown on a phase diagram. 
The occurrence of the phase AlFe, is very probable. The phase 
FeAl was not observed.—R. J. w. 

A Microstructural-Analytical Process for Determining 
Phases of Unknown Composition. T. Heumann. (Z. Metall- 
kunde, 1943, 35, Feb., 43-46). On the basis of the ‘ lever rule,’ 
a microstructural-analytical method was developed in which 
the surface portions of crystalline phases in the sectional 
diagrams shown were measured by a micrometer and, using 
the predetermined amount of the constituent, the composition 
of the unknown phase was calculated. The main advantages 
of this method are that small amounts of substance can be 
used, and, in asingle test, the concentration can be determined, 
especially for peritectic and similar compounds.—R. J. Ww. 

On the Liquidus Line of Fe-Mn Alloys. M. Isobe. (Sci. Rep. 
Res. Inst. Téhoku Univ., 1951, 8A, Apr., 151-154). The 
equilibrium diagram of iron and manganese alloys containing 
more than 50% manganese was studied by thermal analysis. 
The minimum melting point was 1240° C. and occurred at 
91°, manganese.—J. G. W. 

On the Equilibrium Diagram of Iron-Manganese System. 
H. Yoshisaki. (Sci. Rep. Res. Inst. Téhoku Univ., 1951, 3A, 
Apr., 1387-150). The equilibrium diagram for Fe-Mn alloys 
containing 50-100% Mn was studied by dilatometry, mag- 
netic analysis, and microscopical and X-ray examination. 
The temperature of the transition zone «M—=£BM has a 
maximum at 790°C. and about 99°) manganese.—J. G. W. 


CORROSION 


The Use of Potential Measurement in Corrosion Research. 
G. Masing. (Deutsche Gesellschaft fiir Metallkunde: Werk- 
stoffe u. Korrosion, 1950, 1, Nov., 433-437). It is shown, by 
several examples, how measurements of the potential of a 
metal when used as an electrode in a chemical solution can 
be interpreted to give information on its corrosion properties 
in that solution.—HnH. R. M. 

Potential Measurements for Determining Cathodic Protection 
Requirements. S. P. Ewing. (Corrosion, 1951, 7, Dee., 410 
418). Tests indicate that there is a definite open circuit 
potential at which corrosion is stopped. This varies with 
environment and, in these tests, was always less than 
— 0-85 V. with reference to the copper/copper-sulphate 
electrode. Coatings formed by the applied current reduce 
considerably the current requirements in some soils. It is 
advantageous to form such coatings quickly by applying a 
large initial current. The test method is suitable for deter- 
mining the potential required in particular circumstances, 
and possible improvements are suggested.—J. F. Ss. 

The Literature on Corrosion. 1. M. Parker. (Corrosion, 
1951, 7, Dec., 450-455). The wide dispersal of literature on 
corrosion is discussed. The punched-card filing system index 
used by the National Advisory Committee for Aeronautics 
is described.—,J. F. Ss. 
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Progress in the Development of Corrosion-Resistant Mat- 
erials. Part I: Iron and Steel. E. Franke. (Werkstoffe u. 
Korrosion, 1952, 8, July, 265-274). This is a review of the 
literature for 1959 relating to the corrosion of ferrous metals, 
and is comparable with the similar section of the Annual 
Reports on the Progress of Applied Chemistry published by 
the Society of Chemical Industry. A bibliography of 168 
references is given, of which about 120 refer to high-alloy 
rust-resisting steels. There are only five references on pro- 
tective coatings.—J. C. H. 

Corrosion. M. G. Fontana. (Indust. Eng. Chem., 1952, 
44, Apr., 894-924). Data are summarized in chart form for 
corrosion of six materials by sulphuric acid at temperatures 
up to boiling point, and concentrations from 0 to 100%. 
The six materials are chemical lead, steel, Durimet 20, a 
high Ni-Mo-Cr alloy, a high Ni-Mo alloy, and Duriron. 

Corrosion. M. G. Fontana. (Indust. Eng. Chem., 1952, 44, 
May, 103a-106a). Several methods for presenting or sum- 
marizing corrosion data are discussed.—c. J. B. F. 

Corrosion Testing. F. L. LaQue. (Edgar Marburg Lecture: 
Amer. Soc. Test. Mat., 1951). This lecture surveys corrosion 
testing programmes and testing methods. The distinction 
that must be made between the corrodibility of a material 
and the protective value of its corrosion products, and how 
these are influenced by both the composition of the material 
and the incidental conditions of its exposure are dealt with. 


A Study of Corrosion Process of Iron by Means of Electron 
Diffraction. R. Abe. (J. Phys. Soc., Japan, 1951, 6, Sept.— 
Oct., 345-349). Electron and X-ray diffraction studies of 
the corrosion products of iron immersed in a salt solution 
revealed Fe(OH),, an amorphous white precipitate, as a 
primary product; this changes into lepidocrocite if the pH 
of the solution is low, and into green rust under more normal 
conditions. This may oxidize to lepidocrocite, magnetite, or 
hematite, depending on the oxidation rate.—J. G. w. 

Different Kinds of Corrosive Attack. S. Brennert. (Ing. 
Vetenskaps. Akad. Handl., 1951, 22, 4, 98-103). [In Swedish]. 
This is a review of generally known types of corrosion in 
metals, including pitting, intergranular, stress, and selective 
corrosion. Principles underlying each form of attack are 
outlined.—«. G. K. 

Corrosion of Metals Near Wood. (Chem. Age, 1952, 66, 
June 7, 871-872). A survey is made of the chemical factors 
influencing the compatibility of metals and woods. Examples 
are given of the rapid corrosion of ferrous and non-ferrous 
metals used in association with wood, and of chemical dis- 
integration of wood arising as a result of contact with metals. 
The facts quoted are based on the experiences of the Forest 
Products Research Laboratory.—tT. E. D. 

Passivity of Iron in Nitric Acid. H. C. Gatos and H. H. 
Uhlig. (J. Electrochem. Soc., 1952, 99, June, 250-258). Films 
of iron, evaporated on to glass, lost 2200 A. in thickness 
before becoming passive after immersing in HNO, (sp. gr. 
1-42). The thickness of the film had no effect on the amount 
so reacting, provided that the iron was at least 2200 A. thick. 
Pre-exposure of the iron to oxygen reduced the amount 
reacting to one half, as did the addition of 0-2 g. of KNO, 
to 100 ml. of the acid. Oxygen and nitrogen oxides thus 
play some part in the passivity mechanism. Pre-exposure to 
nitrogen or de-aerated water had no effect. Carbon monoxide 
reduces the amount of iron reacting. Practically all the effect 
of oxygen could be eliminated by reducing the pressure around 
the specimens to 10-* mm. It is likely, therefore, that pre- 
exposure to oxygen produced an adsorbed film and not an 
iron oxide. Immersing the films in de-aerated 0-1% K,Cr.O, 
for more than 2 hr. reduced the iron reacting to zero. Half 
only of this effect could be washed off with water. This 
suggests that chromates are reversibly adsorbed as well as 
partly chemisorbed. Aerated chromate solutions behaved 
similarly, except that a shorter immersion was required and 
less of the effect could be washed off with water. It is 
suggested that exposure to substances which reduce the 
amount of iron reacting forms cathodic areas on the iron 
surface. These, in turn, accelerate passivity of anodic areas. 
Experiments confirmed that anodically polarizing the iron 
reduces the amount of iron reacting with HNO, before 
passivity.—J. P. 

The Influence of Carbon Content on the Acid Resistance of 
Titanium- and Niobium-Stabilized 18 Cr, 8-14 Ni Steels. H. T. 
Shirley and J. E. Truman. (J. Jron Steel Inst., 1952, 172, 
Dec., 377-380). [This issue]. 
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The Influence of Inhibitors on the Dissolution of Iron in 
Acid Solution. J. Elze and H. Fischer. (J. Electrochem. Soc., 
1952, 99, June, 259-266). Inhibitors that affect the reaction 
of iron with HCI do so by different mechanisms. They increase 
the metal dissolution over-voltage only slightly, but raise 
considerably the hydrogen over-voltage. Such inhibitors have 
little influence on the reduction of ferric ions at a platinum 
cathode. At an iron cathode, ferric ions are reduced primarily 
by hydrogen, which is activated by inhibitors. Inhibitors 
are effective in the dissolution of iron only if the reaction 
MeH + MeH = H, + 2Me takes place. This explains the 
relatively slight effect of inhibitors on the dissolution of iron 
in the presence of oxygen.—J. P. 

Some Factors in Anodic Processes on Corroding Metals. 
T. P. Hoar and U. R. Evans. (J. Electrochem. Soc., 1952, 99, 
May, 212-218). The fact that certain alloying elements that 
confer resistance to high-temperature scaling of metals also 
confer resistance to wet corrosion at low temperatures suggests 
that the outward movement of cations through an oxide film 
is also important in the onset of wet corrosion. Iron and zine 
remain unattacked in water when there is constant replenish- 
ment of oxygen at the surface. If the oxygen supply is 
inadequate, corrosion occurs presumably because the oxygen 
supply is insufficient to ‘ arrest ’ the emerging cations. When 
the oxide film is one through which ionic movement will be 
slow, as on stainless steel, a scanty supply of oxygen will 
suffice to prevent attack. If oxygen is insufficient at places 
where the film is faulty and thus favours rapid emergence of 
cations, these pass into solution and cathodic reduction of 
oxygen takes place on the surrounding less-faulty film. 
Inhibitors serve to arrest cations that would otherwise enter 
solution. Some are oxidizing agents and thus provide a 
concentrated source of oxygen. Others are effective only if 
molecular oxygen isalso present. Sulphides favour both high- 
temperature oxidation and the onset of corrosion, probably 
by increasing the number of lattice defects in the oxide film, 
and thus facilitate outward movement of cations.—s. P. 


Performance of a Comprehensive Group of Coatings on Steel. 
Immersion and Atmospheric Exposures 1949. H. W. Mundt 
and L. J. Thompson. (Corrosion, 1951, 7, Nov., 376). This 
is the summary and conclusions of the First Interim Report 
on the U.S. Panama Canal Administration’s Protective 
Coatings Investigation. From one-year panel tests and two- 
year semi-large-scale tests it is concluded that sea-water 
mean-tide environment was the most aggressive exposure. 
The coatings which offered the greatest resistance were of the 
vinyl antifouling, synthetic rubber, thiokol, and phenolic 
types.—R. A. R. 

The Behaviour of Weld Seams against Chemical Attack. 
W. Radeker. (Schweissen u. Schneiden, 1952, 4, June, 198— 
203). An investigation on the corrosion of weld metal is 
reported. It was found that weld metal is attacked to prac- 
tically the same extent as the base material. A high degree 
of stress corrosion, due to weld stresses and poor metallurgical 
properties, was observed in a few cases.—U.E. 

Prevention of Corrosion in Naval Aircraft. II. N. E. 
Promisel and G. 8S. Mustin. (Corrosion, 1951, 7, Nov., 377-389). 
Continuation of a series of articles (see J. Iron Steel Inst., 
1952, 172, Nov., 361). Methods and procedures used to 
prevent corrosion in U.S. naval aircraft engines, ordinance, 
electronic equipment, spare parts, and idle aircraft are 
described. Fretting corrosion and the corrosion of materials, 
including stainless steel for use at over 1000° F., receive 
special mention. The risks of embrittlement of stainless steel 
by zine, and of molybdenum causing corrosion at this tempera- 
ture, are noted.—4J. F. s. 

Prevention of Stand-by Corrosion in Power Plants. L. 
Highley, jun., and W. R. Schnarrenberger. (Corrosion, 1952, 
8, May, 171-177). Corrosion may occur during intermittent 
stand-by when equipment will be in the wet condition, or 
during prolonged stand-by when wet or dry procedure may 
be adopted. Danger spots in boilers, superheaters, and tur- 
bines are indicated, and typical examples are cited. Practical 
preventive measures are described.—c. P. A. 

A Case History Involving Intergranular Failure of Stainless 
Steel Heater Tubes. G. A. Works. (Corrosion, 1952, 8, June, 
217-221). Failure of Type 316 (16% Cr, 138% Ni, 3% Mo) 
stainless steel tubes in a fired heater at the phenol plant 
at an oil refinery after ten years’ service was due to inter- 
granular corrosion. Sensitivity to this type of attack as a 
result of carbide precipitation at grain boundaries, normally 
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occurring above 900° F., had occurred in this period of service 
at 750° F. Other tubes, uncracked but in a susceptible state, 
were salvaged by heat-treating at 1600°F. for 24 hr. to 
agglomerate the carbides at the grain boundaries. No further 
difficulty has been encountered.—. P. A. 

Interconnection of Pipe Lines Having Various Coatings. 
D. Hendrickson. (Corrosion, 1952, 8, June, 212-216). Interecon- 
nection of concrete-coated and bituminous-coated steel pipe- 
lines on the Mokelumne Aqueducts near Walnut Creek, 
California, resulted in the development of galvanic currents as 
high as 80 amp. in low-resistivity soil. Similar but smaller 
currents were observed at cross-connections on another 
aqueduct. The proper method for isolating these aqueducts 
is discussed, as well as the results of trying to isolate two 
pipelines by installing insulating joints within a network of 
interconnecting pipes.—G. P. A. 

Analysis of Some Corrosion Problems in Petroleum Refineries. 
J. F. Mason, jun. (Trans. Amer. Soc. Mech. Eng., 1952, 74, 
Apr., 305-313). The paper presents 15 corrosion problems 
and shows the steps taken to analyse them in the light of 
practical experience and available test data. From the nature 
of the problems it is indicated that Type 502 stainless steel 
is a highly acceptable and reasonably economical material 
as a replacement for mild steel, except in instances where 
mineral acids or chlorides may be present as well as highly 
alkaline solutions at elevated temperatures.—D. H. 

Control of Sour Crude Corrosion in Kansas Production 
Operations. L. C. Case. (Corrosion, 1951, '7, Nov., 390-396). 
Corrosive crude oil originates from wells in Arbuckle lime- 
stone. On a cost basis, the resulting subsurface corrosion 
affects tubing interior most, then rods, pump, casing exterior, 
tubing exterior, and casing interior. The causes of corrosion 
are mainly production of 85% or more water in the oil in the 
presence of acid gases, lack of wetting ability of the oil, and 
the presence of H,S or CO,. The two most popular methods of 
control are down-hole introduction of formaldehyde or oil- 
wetting agents. Each lessens corrosion costs by about 50%. 


Corrosion Inhibition in Gas Condensate Wells by Inter- 
mittent Injection of Alkaline Solutions. C. C. Nathan. (Cor- 
rosion, 1951, 7, Nov., 397-399). Water condensing in the 
tubing absorbs CO, and lower fatty acids, and causes rapid 
corrosion of the tube. Lower flow rates allow the acid 
water to react more completely. Sodium carbonate solution 
pumped continuously into the open annuli of one well and 
entering the tube below the condensate zone prevented 
corrosion. Where the casing/tubing space is mud-filled, an 
alkaline solution may be injected intermittently into the tube 
itself with a pump. The protective effect of each injection 
lasts for 24 hr. or less.—s. F. s. 

A Proposed Alternative Method for Measuring the Electrical 
Resistance of Pipe Line Coatings. J. K. Ballou, R. P. Howell, 
J. W. Liljeberg, and P. F. Offermann. (Corrosion, 1951, 7, 
Dec., 438-440). A mathematical treatment is given for a 
proposed method of electrical resistance measurement based 
on the so-called ‘ attenuation ’ relations.—s. F. s. 

Isolation of Trolley Bus Negative Return to Prevent Stray 
Current Corrosion. L. Horvath, H. E. Nerhood, 8S. M. Seid- 
man, and R. H. Travers. (Corrosion, 1952, 8, June, 205-211). 
When a street tramway system is converted to trolley-bus 
operation, there is a tendency to continue the use of rails 
for negative return. In Akron and Youngstown, Ohio, where 
this was done, the resultant corrosion and other problems 
led to abandonment of rail return and isolation of the negative 
return from ground. This experience is reported.—«. P. A. 

Gasoline Resistant Tank Coatings. W. W. Cranmer. (Cor- 
rosion, 1952, 8, June, 195-204). Serious corrosion of steel 
tanks in U.S. Navy tankers used for carrying petrol results 
from: (1) Salt water ballast; (2) hot salt water jets used for 
removing inflammable vapours and for dislodging scale; and 
(3) moisture in conjunction with the gasoline. The con- 
struction of the tanks is such that only air-drying paints are 
practicable. Service tests on coatings have resulted in general 
use of a vinylidene chloride—acrylonitrile copolymer. Surface 
preparation, ventilation, safety precautions, and costs are 
also discussed. 

The Pitting of Zinc by Distilled Water and Dilute Solutions. 
U. R. Evans and D. E. Davies. (J. Chem. Soc., 1951, Part 3, 
2607: Corrosion, 1952, 8, May, 165-170). The vertical align- 
ment of pits produced on zine by distilled water is due to 
corrosion product from an upper pit lodging at points below 
and screening them from oxygen. Zinc suffers no pitting 
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in stagnant water containing oxygen under high pressure or 
when whirled in distilled water containing oxygen. Stagnant 
water containing oxygen at ordinary pressure causes pitting. 
The pits contain white matter, apparently amorphous, and 
are surrounded by rings of orientated zine oxide and some 
B-hydroxide, beyond which are films of interference-colour 
thickness. The results are explained on the theory of oxidation 
and corrosion advanced by Hoar and Evans.—<. P. A. 

Effect of Packaging on Corrosion of Zinc Plated Equipment. 
K. G. Compton, 8. M. Arnold, and A. Mendizza. (Corrosion, 
1951, 7, Nov., 365-372). Zine electroplated steel telephone 
equipment became severely corroded when stored for an 
unusually long time (11 weeks in a hot, humid climate). An 
investigation using various kinds of package in a humidity 
chamber produced corrosion of a similar type and extent. 
Corrugated cardboard cartons gave better protection than 
fibre-board boxes. Plywood boxes were the worst. Corrugated 
paper or hair-felt linings made plywood boxes as good as 
corrugated cardboard cartons.—J. F. Ss. 

Corrosion of Colliery Winding Ropes. ©. P. Hansom. 
(Wire Production, 1952, 1, July, 6-8). The author states that 
corrosion is the predominant cause of rope failure and deterior- 
ation in British collieries. He discusses its causes and the 
use of suitable lubricants for its inhibition.—s. G. w. 

Area Effects in Crevice Corrosion. O. B. Ellis and F. L. 
LaQue. (Corrosion, 1951, 7, Nov., 362-364). The extent of 
crevice corrosion of stainless steel immersed in running sea 
water is proportional to the area of freely exposed metal 
outside the crevice. If the area of metal outside approaches 
zero, the corrosion in the crevice becomes very small and 
depends only on the access of corrosive media and oxygen 
within. For passive metals an active-passive galvanic cell 
enhancing the oxygen concentration-cell effect is postulated. 
This mechanism is the reverse of the metal ion concentration- 
cell mechanism encountered in other forms of crevice cor- 
rosion.—J. F. S. 

The Mechanism of Knife-Line Attack in Welded Type 347 
Stainless Steel. M. L. Holzworth, F. H. Beck, and M. G. 
Fontana. (Corrosion, 1951, 7, Dec., 441-449). Intergranular 
corrosion in a narrow band adjacent to the weld has occurred 
in stress-relieved niobium-stabilized 18/8 stainless steel drums 
holding fuming nitric acid. It is shown that welding tempera- 
tures of 2300—-2500° F. allow the niobium to go into solid 
solution. Niobium carbide precipitation is inhibited and 
chromium carbide forms along grain boundaries when the 
steel is subsequently heated to 1200° F. Corrosion can then 
occur in chromium-depleted areas adjacent to the grain 
boundaries under certain corrosive conditions, including 
exposure to fuming nitric acid or boiling 65% nitric acid. 
If the carbon content of the steel is very low, the susceptibility 
to knife-line attack is less.—s. F. s. 

Sodium Hydroxide as Inhibitor of Pitting in 18-8 Stainless 
Steel. J. W. Matthews and H. H. Uhlig. (Corrosion, 1951, 7, 
Dec., 419-422). The tendency of stainless steel to corrode 
by pitting in aerated solutions of chlorine ions can be overcome 
by addition of alkali. Increasing the amount of NaOH added 
to a 4% NaCl solution at 90°C. prevented pitting of 18/8 
stainless steel, which otherwise occurred within 24 hr., when 
the solution contained more than 0:8% NaOH. At room 
temperature 0:4% NaOH prevented pitting for at least 
14 months. Weight losses were also reduced. The mechanism 
of inhibition is discussed.—J. F. s. 

Analysis of Metallic Sound as a Testing Method. I—Measure 
of the Intercrystalline Corrosion in 18/8 Stainless Steels. 
Characteristic Symmetries in the Elastic Moduli. O. Masi and 
A. Ferri. (Met. Ital., 1952, 44, June, 207-214). [In Italian]. 
To measure the extent of intercrystalline corrosion in 18/8 
stainless steels, the authors developed a method based on 
analysing and recording by means of an oscillograph, the 
sound emitted by test bars suitably struck. The method 
described shows great sensitivity compared with other 
methods already in use. The records obtained make it possible 
to single out particular forms of symmetry attached to 
particular sounds emitted by the rolled test bars, which the 
authors then relate to a corresponding symmetry in the 
elastic moduli.—m. D. J. B. 

Investigations into the Occurrence of Black Stains on the 
Running Surface of Rails. W. Janiche. (Stahl u. Hisen, 1952, 
72, June 19, 758-765). In recent years black stains have 
often been discovered on the running surfaces of railway rails. 
These are caused by accumulations of corrosion products in 
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depressions which occur at certain portions of the running 
surface over cracks in the rail head. The sunken portions 
are no longer subjected to the full pressure of the wheels, so 
that corrosion products can settle and make such places 
darker than the surrounding clean surface. In many instances, 
these defects can be attributed to accumulations of non- 
metallic inclusions in the rail head which, under stress, become 
joined to each other by cracks. Black stains were also found 
on rails highly stressed at points and curves, and yet no 
inclusions were detected. An explanation of these stains is 
offered.—J. P. 

Corrosion Properties of Ferritic and Pearlitic Cast Iron with 
Nodular Graphite. E. Franke. (Werkstoffe u. Korrosion, 1951, 
2, Mar., 101-103). Comparative corrosion tests of magnesium 
and nickel-magnesium nodular cast irons and ordinary grey 
iron in acid, neutral, and alkaline solutions, as well as in tap 
water and sea water, generally failed to show the expected 
marked superiority of the nodular irons. Heat-treatment, 
producing a ferritic structure, improves the corrosion resis- 
tance of nodular irons, and in particular makes them con- 
siderably more resistant than grey iron to attack by dilute 
sulphuric acid.—n. R. M. 

Materials and Soils. L. W. Haase. (Werkstoffe u. Korrosion, 
1951, 2, Mar., 90-93). Very pure iron corrodes uniformly 
and needs no protection when buried, but is not strong enough 
for most applications. Steel suffers from pitting, and electro- 
lytic attack in the neighbourhood cf welds, and must be 
protected. In most soils, the silicon in the skin of sand 
castings gives sufficient protection against corrosion, but 
centrifugally cast pipes must be protected. Chill-cast and 
pressure-cast fittings corrode easily but are usually difficult 
to protect.—H. R. M. 

Rust Protection and Prevention of Incrustation in Hot 
Water Plants. G. Seelmeyer. (Werkstoffe u. Korrosion, 1951, 
2, Jan., 17-30). The mechanism of formation of rust and 
fur deposits in hot-water systems, and various methods for 
their prevention, are described. The preventive methods aim 
at producing a protective surface coating, either in manu- 
facture or by additions to the water; removing air bubbles 
and dissolved oxygen from the water; minimizing potential 
differences or making the surface to be protected cathodic; 
softening the water; or keeping precipitated solids in sus- 
pension.—H. R. M. 

Electrochemical and Chemical Corrosion. H. Grubitsch, 
E. Voutilainen, and H. Vayrynen. (Werkstoffe u. Korrosion, 
1950, 1, Dec., 477-481). Tests were made of the corrosion 
of iron when immersed in NaCl] solution (to which small 
amounts of phosphate or acetate had been added) in the 
presence of a platinum disc as cathode. The solution was 
kept saturated with oxygen and slowly circulated. There 
was a marked variation of corrosion with pH value, particu- 
larly with the phosphate solution, and the maximum corrosion 
was several times as great as would be accounted for by the 
measured current. It is concluded that in addition to the 
electrochemical corrosion there is a direct chemical reaction 
between dissolved oxygen and active parts of the iron sur- 
face.—H. R. M. 

Chemical Behaviour as Influenced by Surface Condition. 
U. R. Evans. (Inst. Metals Monograph and Report Series, 
1952, No. 13, 253-280). The surface may influence the 
probability of corrosive attack, and may also affect the 
distribution of attack where the total attack is fixed. In 
some cases the surface condition may affect the velacity of 
attack until the surface is corroded away. Surface defects 
are likely to increase the risk of corrosion-fatigue and stress- 
corrosion cracking. The applicabilities of peening and electro- 
polishing are assessed.—k. T. L. 


ANALYSIS 


Ferrous Metallurgy. H. F. Beeghly. (Analy. Chem., 1952, 
24, Feb., 252-258). Advances in ferrous analytical chemistry 
embrace new reagents, new apparatus, and improved tech- 
niques, particularly in the separation and determination of 
small quantities of various elements. Recent work is reviewed, 
with sections on analytical separations, aluminium, arsenic, 
boron, carbon, cerium, chromium, cobalt, columbium, copper, 
germanium, iron, magnesium, manganese, molybdenum, 
nickel, phosphorus, selenium, silicon, sulphur, thorium, tin, 
titanium, tungsten, vanadium, zirconium, gas and non- 
metallic compounds, slags and refractories. (172 references). 


The Spectral Emissivities of Iron, Nickel, and Cobalt. H. 
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Lund and L. Ward. (Proc. Phys. Soc., 1952, 65B, July 1, 
535-540). The spectral emissivities of iron, nickel, and cobalt 
have been measured by the direct comparison of surface and 
black body radiation at temperatures between 1000° and 
1300° C., over the wavelength range 1-O0p to 2-6y, using a 
lead sulphide cell and amplifier as the detecting unit. Values of 
the temperature coefficients of emissivity referred to 1000° C. 
indicate an X point (at which the temperature coefficient 
of emissivity is zero) for iron at 1-6 uw, but none for nickel in 
this spectral range.—c. J. B. F. 

Volumetric Determination of Nickel in Steel. W. F. Harris 
and T. R. Sweet. (Analy. Chem., 1952, 24, June, 1062-1063). 
Details are given of a method in which the nickel, separated 
as dimethylglyoxime complex, is titrated with a standard 
solution of Versenate in the presence of the dye murexide. 
Advantages of the method are discussed.—t. EF. D. 

Dimethylglyoxime for Determination of Nickel in Large 
Amounts. E. L. Bickerdike and H. H. Willard. (Analy. 
Chem., 1952, 24, June, 1026). It is possible to handle nickel 
dimethylglyoxime precipitates containing up to 100 mg. of 
nickel by precipitating from a homogeneous solution, when 
a coarsely crystalline and compact precipitate is obtained. 
An acidified solution, containing nickel, urea, and sufficient 
1% solution of dimethylglyoxime in 1-propanol, is heated for 
1 hr. to hydrolyze the urea and to raise the pH to the point 
of complete precipitation of the nickel dimethylglyoxime. 

Metallurgical Nickel Analysis. W.D.Mogerman. (Indust. 
Eng. Chem., 1952, 44, May, 971-973). An historical review is 
given of analytical difficulties that delayed general recognition 
of Cronstedt’s discovery of nickel. The methods most widely 
used in metallurgical laboratories for determining nickel in 
both small and large quantities are discussed. Some practical 
hints are proposed for eliminating certain sources of error 
in gravimetric work.—c. J. B. F. 

Solubility of Nickel Dimethylglyoxime in Alcoholic Solution 
in the Determination of Nickel by the Dimethylglyoxime 
Method. F. Nussbaumer. (Metall, 1941, 20, June, 599-600). 
This effect becomes apparent only in the analysis of high 
nickel alloys. A 1% sciution of the reagent in 70% alcohol 
in the presence of tartaric acid is recommended.—k. G. 

Precision Determination of Carbon in Metals. L. P. Pep- 
kowitz and P. Chebiniak. (Analy. Chem., 1952, 24, May, 
889-890). Modifications to the standard procedure for the 
volumetric determination of carbon in metals, using the 
Lindberg high-frequency combustion unit, are described. 
The coating of the gas burette for smooth drainage, and the 
use of a saturator are among the improvements suggested. 
An accuracy of 0:003% with a lower limit of 0-02% C 
on a 1-g. sample is claimed.—tT. E. D. 

Rapid Photometric Determination of Cobalt in Steel and 
Ferrocobalt. K. Dietrich. (Metall, 1941, 20, June, 600-601). 
Iron is removed with ZnO and the colour of the ZnCl, complex 
in HNO,-HCI is determined. One calibration range suffices 
for the range 0-5-99% Co. The total time is 40 min.—x. a. 

Contributions to the Photometric Determination of Cobalt 
in Steels. KE. Stengel. (Technische Mitteilungen Krupp, 
Forschungsberichte, 1943, 6, Mar., No. 4, 69-73). The photo- 
metric methods of determining the cobalt in steels as described 
by Bischof and Geuer, by Pinsl, and by Dietrich, were tried 
out and several modifications and improvements to them 
were recommended. The acetone method was further 
developed and the best method for steel analysis was 
suggested. Working instructions are given.—R. J. w. 

Absorptiometric Determination of Tungsten in Steel. Methods 
of Analysis Committee. (J. Iron Steel Inst., 1952. 172, Dec., 
413-415). [This issue]. 

X-Ray Fluorescence Analysis. F. Behr. (Steel, 1952, 180, 
Mar. 24, 70-71). A method of rapid analysis using high 
intensity X-ray tubes and Geiger counters is described. The 
intensity of the X-ray fluorescence in counts per second is 
compared with standards. Analysis takes about 3 to 5 min. 
for each element.—a. M. F. 

The Use of Stigmatic Spectrography in Metallurgical Analysis. 
P. J. Bouchet. (Rev. Mét., 1952, 49, Mar., 177-184). The 
variations in spectral intensity along the axis of the source 
have been investigated for an intermittent ar¢ source. The 
different types of variation are discussed, and the application 
of the method to quantitative analysis of massive or powdered 
samples is considered.—a. G. 

New Techniques in Spectrum Analysis. W. Klimecki. 
(Huinik, 1952, 19, 5, 179-183). [In Polish]. Apparatus used 
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in modern spectrum analysis is described and the spectro- 
graphic determination of phosphorus, sulphur, carbon, and 
nitrogen is reviewed. (17 references).—v. G. 

Calculator for Spectrochemical Analysis. G. Oplinger. 
(Analy. Chem., 1952, 24, May, 807-812). The development of 
a simply constructed calculator, which is able to resolve 
variables introduced by characteristics of the photographic 
emulsion, while still permitting adjustments to correct for 
recognized shifts of the analytical curve, is described. It is 
illustrated, and its method of use is explained.—t. E. D. 


Rapid Spectrographic Determination of Silicon and Man- 
ganese in Cast Iron. J. R. Boyd. (Analy. Chem., 1952, 24, 
May, 805-807). The method, described here in detail, allows 
the determination of the two elements to be made on a single 
weighed sample in about 15 min., and it can be integrated 
conveniently with carbon and sulphur determinations. The 
procedures adopted used the yellow silicomolybdate complex 
for silicon, and the persulphate method of developing the 
permanganic colour for manganese. A rapid filtering tech- 
nique is described.—tT. E. D. 

Spectrophotometric Determination of Titanium with Ascorbic 
Acid. E. Hines and D. F. Boltz. (Analy. Chem., 1952, 24, 
June, 947-948). The titanium-ascorbic acid reaction was 
studied spectrophotometrically. With a large excess of 
ascorbic acid and a final pH of 3-5 to 6, a stable yellow complex 
is formed, with a broad absorbency maximum at 360 mu. 
Conformity to Beer’s law was found for 0-1 to 25 p.p.m. of 
titanium using l-cm. cells. The procedure described gave 
satisfactory results on standard samples. Fluoride, phosphate, 
and silicate are the main interfering ions.—tT. E. D. 

Ultraviolet Spectrophotometric Determination of Cobalt 
with Peroxide and Bicarbonate. G. Telep and D. F. Boltz. 
(Analy. Chem., 1952, 24, 945-947). A spectrophotometric 
study was made of the complex formed when a cobaltous 
solution is treated with Na,CO, and H,O, solutions. Charac- 
teristic absorbency maxima exist at 260 and 440 mp. Greater 
sensitivity is obtained in the ultraviolet region. | Conformity 
to Beer’s law was found for 0-8 p.p.m. of cobalt using 1-cm. 
cells at 260 mp. The effect of interfering ions was studied 
and results are quoted. The method developed for determining 
small amounts of cobalt, which is rapid and accurate, is 
described.—t. E. D. 

Notes on the Quantitative Spectrographic Determination of 
Manganese and Silicon in Special Steels. M. Ongaro. (Met. 
Ital., 1952, 44, June, 221-225). [In Italian]. The author 
determines the effect of the main alloying elements in special 
steels on the intensity of the spark, and on the variation of 
the manganese and silicon lines obtained with four different 
types of source. The author also determines the effect of 
the metallurgical history of the specimen on the determination 
of manganese and silicon, and finally establishes the most 
suitable light sources to use.—M. D. J. B. 

Development of Spectrography in the U.S.S.R. A. Pokorny. 
(Hutnické Listy, 1952, 7, Feb., 62-64). [In Czech]. The author 
deals mainly with the following subjects: The nature of the 
discharge at the electrodes in the case of sparks and ares; 
effects of cloud formation on the discharge; laws of fractional 
distillation from arcs; influence of oxidizing gases; influence 
of manganese and chromium in steels; effect of shape and 
size of electrodes on the analysis of individual elements; 
dynamics of the spark discharge and its effects on the elec- 
trodes; the determination of nitrogen and carbon in steel 
and of phosphorus in cast iron; and the spectrographic 
precision determination of gases in stee]l.—?. F. 

Determination of Magnesium in Nodular Cast Irons by 
Emission Spectroscopic Analysis. J. Rézi¢ka. (Hutnické Listy, 
1952, 7, Feb., 64-67). [In Czech]. A method of spectroscopi- 
cally determining magnesium in solid specimens cut from 
samples taken from current melts is described, and details 
of the equipment used are given.—P. F. 

The Potentiometric Determination of Molybdenum in Special 
Steels. F. Burriel-Marti and R. Suarez-Acosta. (Inst. Hierro 
Acero, 1952, 5, Apr., 426-431). [In Spanish]. The authors 
study the determination of molybdenum with a chromium 
salt. The method gives good results in special steels when 
chromium and vanadium are absent. The potentiometric 
determination is carried out using stannous chloride as a 
reducing agent. When there is very little molybdenum in 
the steel, more dilute solutions of chromium salt or stannous 
chloride must be used.—R. s. 


An Absorptiometric Analytical Procedure of Particular 
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Applicability to the Residues which Result from the Chlorina- 
tion of Steel. S. Greenfield and L. E. Sparrow. (Metallurgia, 
1952, 45, May, 263-266, 270). The development of an absorp- 
tiometric technique for analysing oxide residues, and designed 
to eliminate tedious gravimetric procedures, is described. 
The methods evolved for the determination of SiO,, MnO, 
FeO, and Al,O; are given with details of reagents, procedure, 
and calibration. The effect of other elements likely to be 
present in the residues is examined.—B. G. B. 


INDUSTRIAL USES AND APPLICATIONS 


Wire and Wire Rope in Marine Engineering. (Wire Pro- 
duction, 1952, 1, July, 11-16). This is a survey of the uses 
of nonferrous and ferrous wires and of wire ropes in marine 
engineering. Types, sizes, and qualities suitable for marine 
engineering are enumerated and some information on their 
performance is given.—J. G. W. 

Utilization of Manganese, Nickel, Cobalt, Tungsten, Molyb- 
denum—First Report of the Joint Subcommittee. (Inter- 
national Materials Conference, Washington, D.C., Dee., 1951, 
1-94). 


HISTORICAL 


The History of the Metal Industry of the U.S.S.R. A. M. 
Plesinger. (Hutnické Listy, 1952, '7, Jan., 15-19). [In Czech]. 

On the Techniques of Prehistoric Iron Metallurgy in the 
Times of Great Invasions. E. Salin. (Rev. Mét., 1952, 49, 
Mar., 165-176). The spread of metallurgical techniques with 
the invasions from east to west is discussed. Methods of 
preserving and examining relics from this period are described, 
and the treatment that the specimens must have undergone 
is deduced from micrographs.—a. G. 

The Tammann Memorial Lecture—Gustav Tammann. W. E. 
Garner. (J. Chem. Soc., 1952, May, 1961-1973). A brief 
biography of Gustav Tammann, 1861-1938, and a survey of 
his work in the field of physical chemistry are presented. 


ECONOMICS AND STATISTICS 


The Recent Development of Austrian Iron and Steel Pro- 
duction. J. Martin. (Osterr. Masch. Elektrowirtschaft, 1952, 
7, Jan., 1-3). The present state of the industry in Austria 
and future trends in the production, consumption, imports, 
and exports of iron ore, iron, and steel are discussed and 
compared with similar statistics for Europe as a whole. 

The Development of the Scrap Yield and of Scrap Con- 
sumption in the German Federal Republic. A. Voigt. (Bul- 
wark, 1952, Second Quarter, 3-7). A survey is made of the 
development of the scrap market since 1945 and of the 
formation of the Scrap Distribution Co. Ltd., Diisseldorf, 
which now transacts all supplies of steel scrap in Western 
Germany. The author considers that there is now no longer 
any justification for regarding Western Germany as a scrap- 
exporting country.—B. G. B. 

Steel and Industrial Relations Grow Together. J. K. Suther- 
land. (Iron Steel Eng., 1952, 29, June, 111-114). The author 
reviews the development of the steel industry in the U.S.A. 
over the last century and discusses the labour problems which 
arise in a rapidly expanding industry. The need for good 
human relations is stressed and suggestions are put forward 
to this end.—m. D. J. B. 

Productivity Team Report—Steel Construction. (Anyglo- 
American Council on Productivity, 1952, July, 1-70). This 
report is made by a team drawn from the management, 
technical, and workshop grades of the steel construction 
industry. The results of a study of factory layout methods, 
working conditions, and management in constructional steel- 
works, fabricated platework, and mechanical handling plant 
are presented. Comparisons of all aspects in the U.K. and 
U.S. industries are made.—vr. E. D. 

General Power Balance of the Iron and Steel ‘ndustry. M. 
Mendez de Vigo, B. Chavarri, and J. Lopez-Vurela. (Inst. 
Hierro Acero, 1952, 5, Apr., 380-406). [In Spanish]. A study 
is made of the consumption of heat, steam, and electric power 
in coke ovens, blast-furnaces, converters, open-hearth fur- 
naces, and rolling mills (including reheating furnaces). The 
figures given are applied to a hypothetical works producing 
half a million tons of rolled products per annum.—k. s. 

Economic Survey of Latin America 1950—Recent Trends 
and Events in Mining in Latin America. (United Nations 
Economic and Social Council, General, E/CN12/217/Add. 12, 
May 4, 1951, pp. 1-178). The present position and expected 
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developments in the production, treatment, and export 
of ores from Latin American countries are discussed.—R. A. R. 

Economic Survey of Latin America 1950.—Recent Develop- 
ments and Trends in the Economy of Latin America. (United 
Nations Economic and Social Council, General, E/CN12/217, 
Apr. 16, 1951, pp. 1-205). In the brief section on iron in this 
survey it is stated that production and exports of ore have 
doubled since 1939, and the output of pig iron has quadrupled, 
reaching 900,000 tons.—R. A. R. 

Mineral and Metallurgical Development in Latin America. 
M. N. Barbier. (Rev. Ind. Min., 1952, 38, Apr., 238-275). 
After a general account of Latin America’s problems, the 
requirements for development, namely capital, machinery, and 
technical and non-technical labour, are discussed. The 
exploitation of the main minerals (petrol, bauxite, and iron— 
manganese ore) and of subsidiary ones is described, and an 
outline is given of progress in ferrous metallurgy in individual 
countries.— aA. G. 


MISCELLANEOUS 


Status of the Values of the Fundamental Constants for 
Physical Chemistry as at July 1, 1951. F. D. Rossini, F. T. 
Gucker, jun., H. L. Johnston, L. Pauling, and G. W. Vinal. 
(J. Amer. Chem. Soc., 1952, 74, June 11, 2699-2701). Recom- 
mended values, based on new calculations of Dumond and 
Cohen, are given for the velocity of light c, the Planck 
constant h, the Avogadro constant N, and the Faraday 
constant F. Values for the absolute temperature at the ice 
point To°, and the pressure-volume product for one mole of 
a gas at zero pressure at the ice point (PV)’;.°, remain 
unchanged. Values of constants derived from these six basic 
constants are tabulated, and numerous defined constants are 
also quoted.—t. E. D. 

Extension and Dissemination of the Electrical and Magnetic 
Units by the National Bureau of Standards. (National Bureau 
of Standards, Circular 531, July 14, 1952). Starting from the 
ohm and the volt as maintained by groups of standard 
resistors and cells, the author describes the experimental 
processes by which the other electric and magnetic units are 
derived.—k. A. R. 

A Technique for Eliminating Crucibles in Heating and 
Melting of Metals. D. M. Wroughton, E. C. Okress, P. H. 
Brace, G. Comenetz, and J. C. R. Kelly. (J. Electrochem. 
Soc., 1952, 99, May, 205-211). A method is described by which 
metals may be heated and melted without a crucible, by 
suspension in the electromagnetic field, generated by applying 
high-frequency alternating current to two co-axial coils con- 
nected in series opposition. Stable suspension and heating of 
various metals in the solid state was obtained between the 
coils in the vicinity of the common axis, both in air and 
in vacuo. Weights suspended were up to 550 g. Aluminium, 
tin, and brass were melted in air and continued in 
suspension while molten.—4. P. 

Quality Control Mandatory on New Air Force Orders. D. 
Shainin. (Iron Age, 1952, 169, May 8, 119-121). The American 
air force is encouraging the use of statistical quality-control 
charts to keep the causes of extra variation away from the 
processes of contractors. Such control may be used to reduce 
final inspection requirements.—A. M. F. 

The Physico-Chemical Viewpoint in Metallurgy. S. Rama- 
murthy. (Z'rans. Indian Inst. Met., 1950, 4, 155-161). The 
rise and development of metallurgical thermodynamics as a 
powerful research tool is explained, with an elementary 
discussion on chemical potential and activity.—Dp. H. 

Research Methods in Metallurgy. S. Ramamurthy. (Trans. 
Indian Inst. Met., 1950, 4, 151-154). 

Cabled Instrument Air Lines Are an Interesting New Develop- 
ment for Transmission of Instrument Data. R. H. Munch. 
(Indust. and Eng. Chem., 1952, 44, Apr., 81a—84a). A short 
review of methods of transmitting data and control impulses 


is given, and is followed by a description of Armortube cable, 
a product of the Bailey Meter Co., Ohio.—c. J. B. F. 

The Technique of Length Measurement. A. Heiss. (Z.V.d.I., 
1952, 94, July 1, 609-615). Instruments exhibited at the 
1952 Hanover Fair are described.—s. G. w. 

Control Technology. W. Hunsinger. (Z.V.d.I., 1952, 94, 
July 1, 627-631). New developments in automatic control 
devices are discussed with reference to the 1952 Hanover 
Fair, the Achema X Exhibition and to literature which 
appeared in the preceding year. (99 references).—J. G. w. 

Research on Sampling Methods in Statistical Experiments. 
L. Kiittner. (Metall, 1944, 28, June, 228-233). Statistical 
methods for the evaluation and planning of experiments are 
discussed, several numerical examples but little theory being 
given.—x. G. 

Industrial Training for Professional Development. G. Kleis. 
(Iron Steel Eng., 1952, 29, June, 70-74). The author stresses 
the difficulty for young engineers to find congenial jobs and 
suggests methods for helping them to do so. The effect of 
a good training programme in utilizing available graduates in 
these days of engineering and scientific manpower shortage 
is considered.—m. D. J. B. 

The Education of Engineers in Some European Countries. 
8. J. Davies. (Engineering, 1952, 174, July 18, 70-71; July 25, 
116-117; Aug. 8, 165-166; Aug. 15, 200-201). 

Long Range Look at Engineering Manpower. H. N. Muller, 
jun. (Iron Steel Eng., 1952, 29, June, 66-68). The author 
discusses the likely demand for qualified engineers in the 
U.S.A. in the next few years. Statistics show that there is 
likely to be a shortage of the degree-standard engineer. 

Experience with and Details for the Practice of Standard 
Cost Accounting. W. Hochheuser. (Stahl u. Eisen, 1952, 72, 
May 22, 620-625). The bases used for standard cost accounting 
are explained and the details of the procedure discussed.—,J. P. 

Heat Absorbing Glass Stops Radiation Rays. E. C. Miles. 
(Iron Age, 1952, 169, May 29, 94-95). A glass that transmits 
directly less than 20% of the energy from a hot ingot is 
described. It can also provide protection from heavy scale 
and molten splashes.—a. M. F. 

Open Hearth Dust Control. S. Vajda. (Iron Steel Eng., 
1952, 29, July, 111-119). Six types of gas-cleaning unit are 
described. These are the bag filter; the mechanical collector, 
in which dust particles are thrown out by centrifugal force; 
the washer or scrubber; the sonic or ultrasonic units causing 
dust particles to collide and agglomerate; the electrostatic 
precipitator; and lastly the pebble filter in which the dust 
particles collect on the surfaces and in the cracks of pebbles. 
Detailed information is given of efficiency tests on all these 
types. Particle size analysis shows that 55% of the dust 
is less than 5 w with 50% less than | y.—xm. D. J. B. 

Stacks for Pollution Control. S. R. Steinbock. (Chem. Eng., 
1952, 59, Feb., 202-203; Mar., 144-147; Apr., 154-155). This 
paper is in three parts: (1) The relation between maximum 
ground concentration and stack height is explained and 
represented graphically. The ground concentration at a given 
distance from the stack can be evaluated. (2) ‘ Effective 
stack height’ means actual height of chimney, plus the 
plume rise. This must be included in more accurate calcula- 
tions, and this refinement is dealt with here. (3) The method 
of calculating the relation between particle size of dust and 
its rate of deposition is indicated; and a graph of the relation 
is included.—t. E. D. 

** Metalock,” a Cold Process for Repairing Broken Castings 
or Steel Parts. D. Miiller-Thomamiihl. (Osterr. Masch. 
Elektrowirtschaft, 1951, 6, May 15, 187-190). The ‘ Metalock ’ 
process, developed in America, consists of locking the broken 
parts together by inserting a series of serrated keys into 
appropriately machined grooves. Several examples of its 
use are illustrated. (See Iron Coal Trades Rev., 1952, 165, 
Aug. 1, 265). 
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ANGLO-AMERICAN CoUNCIL ON PRropuctTiviry. “Steel Con- 
struction.” 4to, pp. viii + 70. Illustrated. London, 1952: 
The Council. (Price 3s.) 

The higher productivity of the United States in com- 
parison with Great Britain is now well known, but in the 
steel construction industry, which is not highly mechanized 
and suited to mass-production methods to the same extent 
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as some other industries, this superiority in American 
production is not immediately obvious. The considerable 
amount of technical detail, however, presented in this 
report, which covers structural steelwork in bridges and 
framed buildings, tanks, pressure vessels and pipes, and 
mechanical handling plant, provides qualitative, if not 
wholly quantitative, proof. The report has achieved its 
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object, which, like the other team reports, was limited to 
a description of the main differences and similarities in 
methods and conditions in the two countries, but it has 
also focused attention on many ideas for the saving of 
labour and speed of handling. Since another Committee of 
the Anglo-American Council was deputed to investigate 
methods of measuring productivity but was unable to put 
forward objective bases for comparison, little quantitative 
evidence is offered, but comment on the relative importance 
to Great Britain of the major factors would have been of 
considerable interest; for example, by how much per cent. 
do we differ and by how much per cent. could we expect 
to impreve? Perusal of the report, however, shows the 
complexity of the problem. 

The main reason for the American superior efficiency is 
considered to be due neither to mass production nor the size 
of works (often medium in size) nor the size of the domestic 
market (actually highly competitive), nor the rich natural 
resources, nor difference in intelligence, skill or effort, nor to 
the form of government, but to the progressive attitude 
of management and labour, both of whom are keen to 
carry out the work in the most efficient way, making full 
use of all aids to that end. Management pays constant 
attention to newer and better methods and planning of 
every operation, and labour is co-operative and adaptable, 
looking forward, not backwards, towards anything which 
will increase efficiency, and the workers are encouraged 
by their unions in this. 

Some of the diverse factors brought out in the report 
are that shop layouts, although similar in both countries, 
provide more space to facilitate flow of work and materials 
and make use of subsidiary lifting and moving devices. 
Speed of assembly on site is improved by the larger fabri- 
cated units that can be handled by road or rail. Labour 
in the compounding of plates and sections is reduced by 
the more extensive use of broad flanged beams, which, 
though invented in Britain, have been developed in the 
United States and Belgium. 

The absence of rigid divisions of labour enables one man 
to carry out all the trades and avoids the waste of time 
associated in Britain with groups of craftsmen who have 
exclusive rights to the handling of certain tools. With 
fewer labourers, the workers are encouraged to become 
craftsmen. Many companies have comprehensive planning 
and progress departments and time-study sections. Draw- 
ings are sufficiently detailed to enable structural and plate 
work to be fabricated with less setting-out in the shops 
and less need for templates. Lower factors of safety for 
welded joints enable thinner plates to be used. Makers 
of mechanical handling equipment tend to specialize in the 
production of components which they sell to other makers, 
who in turn concentrate on other parts. American colleges 
include mechanical handling in their curricula. Safety for 
workmen on large contracts is especially emphasized. 
There is no payment for a guaranteed week or for adverse 
weather on erection sites. Trade unions show an interest 
in production management and accept the measurement 
of a fair day’s work, whilst local unions are linked with 
individual factories and so are interested in the efficiency 
and prosperity of the factory. 

Some rather striking individual contrasts with Britain 
are the proportion of design work carried out by consultants 
and authorities in relation to work designed by the steel 
contractors; the greater disregard of material, by the use 
of few sections on one job, to reduce labour and speed 
fabrication and erection; the greater use of punching instead 
of drilling; the lesser use of welding for structures, due 
partly to the use of broad-flanged beams, and partly to 
the existence of so much punching equipment; and no 
examples of structures designed by collapse-load methods. 

As these ‘ wholesale’ methods may use more material 
in order to save labour, whilst at the same time they 
employ less advanced techniques in design and fabrication, 
the question arises whether we should be guided wholly 
by the American way. 

The final challenge made by this comprehensive report 
is, however, for the steel construction industry in Britain 
broadly to adopt the American technique. Since the in- 
dustry cannot rely on mass-production methods, manage- 
ment must pay close attention to layout and time study, 
and labour must relax restrictions on its organization 
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so that it can be economically and flexibly employed. 
Productivity, as the report concludes, has its roots in 
vitality and confidence and in a sensible approach to work 
and output.—J. S. TERRINGTON 


Epwarps, C. A. “ The Structure and Properties of Mild Steel.” 


8vo, pp. 222. Illustrated. London, 1952: J. Garnet Miller, 
Ltd. (Price 20s.) 

The importance of mild steel to the civil, mechanical, 
and marine engineer, and, in fact, to the whole of present- 
day civilisation, amply justifies a volume specifically 
devoted to this material. The present author, through his 
long experience and wide researches, is eminently qualified 
to undertake this task, and in this book a large amount of 
information has been collected and summarized. 

To the reviewer, the most disappointing part of the book 
is Chapter 3, which deals with the influence of various 
elements on the properties. In a book specifically devoted 
to a single material such as mild steel, to dismiss the 
influence of carbon in 64 lines and of both sulphur and 
phosphorus in less than 50 lines seems inadequate, par- 
ticularly when chromium, admittedly rarely present in 
mild steel, is given longer consideration than these two 
important elements put together. Finally, in the short 
discussion of the effect of copper, no reference is made to 
the age-hardening properties of such steels. 

An example of the difficulty that readers unacquainted 
with general metallography may find is illustrated by the 
statement on p. 52 that “small quantities of the usual 
elements do not alter the normal structure of mild steel 
to an extent that can be detected by means of the micro- 
scope.” That this statement as it stands is unsound is 
evidenced by the figures which the author himself gives 
for the change of crystal size with various additions. 
Another example of a statement of somewhat dubious 
accuracy is on p. 39, that when the face-centred cubic 
lattice again changes over to the body-centred at 1400° C., 
Acy, “the metal again becomes magnetic.” 

The most interesting part of the book is the second half, 
which gives a detailed treatment of the tensile properties 
and yield point, of strain age-hardening and quench age- 
hardening, and of the rolling, annealing, and pickling of 
dead mild steel, in all of which references are given to 
original work in which the author and his collaborators 
have played a by no means inconsiderable part. 

Throughout the volume the author’s emphasis, as is 
perhaps not surprising, is on very low-carbon steels. The 
mild steels of higher carbon content, more generally 
employed in engineering, are given a less detailed treatment, 
and there does not appear throughout the whole work to 
be any mention of the structure and properties of mild- 
steel castings. 

The book is a useful addition to metallurgical literature. 
It could probably, however, be considerably improved when 
a second edition is required. The printing of the micro- 
graphs is rather poor, though it is true that in the cases 
where the structure is essentially ferritic the resulting loss 
of detail is not serious.—I’. C. THompson 


REINHARDT, jun. ‘‘ Metallurgical Engineering.” 
Engineering Principles.”” Addison-Wesley Metal- 
lurgy Series. La. 4to, pp. ix -+ 390. Illustrated. Cambridge, 
Mass., 1952: Addison-Wesley Press, Inc. (Price $7.50) 

This volume has been written from the standpoint of 
the chemical engineering requirements of undergraduates 
taking courses in metallurgy, and covers stoichiometry, fuels, 
combustion, heat balances, steady and unsteady heat flow, 
and refractory materials and furnaces. These sections are 
easy to read, and their application to process metallurgy 
is well illustrated by a number of worked examples. Each 
section finishes with a list of supplementary references to 
enable the student to broaden the subject, but it is felt 
that step methods of calculation in unsteady heat flow, 
and crushing, grinding, and mechanical separation processes 
should have been briefly covered. These would have been 
more appropriate to the scope of this volume than a chapter 
of 40 pages dealing with phases in pyrometallurgical 
systems, which has been included as an introduction to the 
forthcoming Vol. II. 

As the volume is primarily intended for students it would 
be an advantage if the numerical answers to the problems 
were given.—L. H. W. SavaGE 
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464 NEW PUBLICATIONS 


SMITHELLS, Cotin J. “‘ Tungsten.”’ A treatise on its metal- 
lurgy, properties and applications. Third ed. La. 8vo, pp. 
xii + 326. Illustrated. London, 1952: Chapman and Hall 
Ltd. (Price 75s.) 

‘‘Tungsten,”” by C. J. Smithells, has been accepted 
throughout the world by physicists, electronic engineers, and 
metallurgists as a standard reference work. In the third 
edition the book has been brought up to date and includes 
developments that have taken place and information that 
has been published since the second edition in 1936. The 
contents table is identical in each edition, with the exception 
of chapter XII, and here the title has been changed to 
‘* Tungsten Carbide and the Hard Tungsten Alloys.” The 
ores of tungsten are dealt with in greater detail. The 
methods of preparation of tungstic oxide have been 
enlarged upon and also those for the purification of the 
oxide. The importance of tungsten particle size is stressed 
in the chapter on the reduction of tungsten oxide, and 
methods for controlling this are discussed. 

With regard to the manufacture of ductile tungsten, a 
new paragraph is inserted entitled ‘ Mixing” and is 
concerned with the mixing of certain sized particles for 


different types of tungsten production. The paragraph 
on pressing is greatly enlarged and includes recommended 
types of steel for mould manufacture and also recom- 
mendations on the design of dies. More information is 
given on swaging than before. The subject of wire- 
drawing is also greatly expanded, and methods of wire 
testing have been inserted. 

The chapter on “‘ Tungsten Iron Alloys and Steels ”’ is 
identical with the one in the old edition. 

With regard to non-ferrous alloys, the nickel-tungsten 
equilibrium diagram by Ellinger and Sykes replaces that 
by Vogel. Similarly, the cobalt-tungsten equilibrium 
diagram by Sykes has been replaced by one by Takeda. 

The heavy alloys are described and their uses and 
properties given. Also in the non-ferrous alloy chapter, 
two new systems are discussed—platinum-tungsten and 
aluminium—tungsten—and a paragraph on tungsten/hard- 
glass seals appears. 

Information given on tungsten carbides has been ex- 
tensively revised. An account of their manufacture is 
given and the properties are dealt with in detail. 

T. RAINE 


NEW PUBLICATIONS 


AwWETISSJAN, Cu. K. ‘‘ Grundlagen der Metallurgie.” Deutsche 
Ubersetzung von Dipl.-Ing. Friedrich Krantz und durch- 
gesehen von Dr.-Ing. Heinz Schlegel. (Die Metallhiitten- 
praxis in Einzeldarstellungen, Band 8.) _8vo, pp. xii + 
242. Illustrated. Halle (Saale), 1951: Verlag Wilhelm 
Knapp. (Price DM 12.-) 

Baron, J. ‘* Observations sur les Conditions de l Affaissement 
sous Charge des Produits Réfractaires.”’ Tentatives de 
mesure de variations absolues de longueur de l’éprouvette. 
Mesure des températures en différents points de l’éprou- 
vette. La. 8vo, pp. 15. Illustrated. Saint-Germain-en- 
Laye, 1952: Institut de Recherches de la Sidérurgie. 

“Contréle Non Destructif des Materiaux.” Institut de Re- 
cherches Métallurgiques, Institut fiir Metallforschung, 
Sarrebruck, Staatliches Institut fiir Schweisstechnik und 
Staatl. Materialpriifanstalt, Saarbriicken. Colloque 
International de Sarrebruck, 30 Novembre, 1 et 
2 Decembre, 1950. La. 4to, pp. viii + 166. Illustrated. 
Saint-Germain-en-Laye, 1952: Editions Métaux. 

Dettwie, RicHarD, and WinHELM Escu. ‘“ Grundlehrgang 
fir Former.” Grundfertigkeiten und -kentnisse der 
Nassgusstechnik. Hrsg. vom Verein Deutscher Giesserei- 
fachleute. Pp. 89. Illustrated. Diisseldorf, 1952: 
Giesserei-Verlag. (Price DM 5.60) 

DEPARTMENT OF MINES, SoutH AusTraLiA. “ Handbook on 
Prospecting in South Australia.” 8vo, pp. 151. Ilus- 
trated. Adelaide, 1952: K. M. Stevenson, Government 
Printer. 

DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH. 
‘The Preparation of Standard Sand.” As used in the 
British Standard Method for the Determination of the 
Agglutinating Value of Coal (B.S. 705 : 1936). Fuel 
Research Technical Paper No. 56. 8vo, pp. 8. Illustrated. 
London, 1952: H.M. Stationery Office. (Price 1s.) 

Grant, E. L. ‘Statistical Quality Control.” 2nd ed. 8vo, 
pp. 557. Illustrated. New York: McGraw-Hill Book Co. 
Inc. (Price $6.50) 

Guerin, Henri (Editor). ‘ Traité des Manipulations et 
d’ Analyse des Gaz.” Pp. 636. Illustrated. Paris: Masson 
et Cie. (Price: Stitched, 4,500 fr.; bound, 5,100 fr.) 

Hepvaut, J. Arvip. ‘‘ Hinfiihrung in die Festkérperchemie.” 
Mit Beitragen von Dr. Roland Lindner. (Die Wissen- 
schaft, Herausgeber Prof. Dr. Wilhelm Westphal, Band 
106). 8vo, pp. viii + 292. Illustrated. Braunschweig, 
1952: Friedr. Vieweg und Sohn. (Price DM 18.20) 

Horner, J. G. (Compiler). “‘ Dictionary of Terms used in the 
Theory and Practice of Mechanical Engineering.” Seventh 
edition, revised and enlarged by Staton Abbey. 8vo, 
pp. iv + 417. Kingston Hill, Surrey, 1952: The Technical 
Press, Ltd. (Price 22s. 6d.) 

Hume-Rornuery, Winuiam. ‘ Atomic Theory for Students of 
Metallurgy.’ Institute of Metals Monograph and Report 
Series, No. 3. Second (revised) edition. 8vo, pp. 331. 
Illustrated. London, 1952: Institute of Metals. (Price 
21s.) 
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HumeE-RorHery, W., J. W. CHRISTIAN, and W. B. Pearson, 
“ Metallurgical Equilibrium Diagrams.” (Physics in 
Industry.) La. 8vo, pp. 311. Illustrated. London, 1952: 
The Institute of Physics. (Price 50s.) 

INSTITUTION OF MECHANICAL ENGINEERS; AMERICAN SOCIETY 
OF MECHANICAL ENGINEERS. “‘ Proceedings of the General 
Discussion on Heat Transfer,” 11th-13th September, 
1951. La. 4to, pp. 496. Illustrated. London [1952]: 
Institution of Mechanical Engineers. (Price 45s.) 

“* Kingzett’s Chemical Encyclopaedia.”” A Digest of Chemistry 
and its Industrial Applications. Eighth edition. Edited 
by Ralph K. Strong, with a Foreword by Sir Robert 
Robinson. 8vo, pp. xii + 1186. Illustrated. London, 
1952: Bailliére, Tindall and Cox. (Price 70s.) 

Lanctors and Pamart. “ [tude de la Coké faction des Charbons 
Lorrains.”’ Essai au haut fourneau d’un lot de 12,000 
tonnes de coke fabriqué a la Cokerie de Thionville selon 


le procédé de Marienau, & partir d’un mélange ne con-, 


tenant que des charbons sarro-lorrains. La. 8vo, pp. 14. 
Saint-Germain-en-Laye [1952]: Institut de Recherches 
de la Sidérurgie. 

MEETHAM, A. R. “ Atmospheric Pollution.” 8vo, pp. viii +- 
268. Illustrated. London, 1952: Pergamon Press, Ltd. 
(Price 35s.) 

** Metal Statistics 1951.” Forty-Fourth Annual Edition. 
Sma. 8vo, pp. 808. New York, 1951: American Metal 
Market. (Price $2) 

Morisset, Paut. ‘“‘Chromage. Technique et Applications.” 
Preface de l’Ingenieur Général Pierre Salmon. 8vo, pp. 
477. Illustrated. Paris, 1952: Editions Marval. 

NaTIonAL PuysicaL Lasoratory. ‘‘ Recent Developments 
and Techniques in the Maintenance of Standards.” 
Proceedings of a Symposium held at the National 
Physical Laboratory on 21st and 22nd May 1951. La. 
8vo, pp. iv + 100. Illustrated. London, 1952: H.M. 
Stationery Office. (Price 4s. 6d.) 

“ REFA-Buch.” Bd. II: “ Zeitvorgabe.”” UHrsg. von der 
Arbeitsgemeinschaft der Verbande fiir Arbeitstudien 
REFA. La. 8vo, pp. 119. Illustrated. Munich, 1952: 
Carl Hanser Verlag. (Price DM. 10.—) 

“* Schleifindustrie-Kalender 1952.” Jahrbuch der Schleif- und 
Poliertechnik und der Oberflachenbehandlung. Hrsg. 
von Bernhard Kleinschmidt, Jubiliumsausgabe. Sma. 
8vo, pp. 528. Illustrated. Essen, 1952: Vulkan-Verlag Dr. 
W. Clasen. (Price DM. 14.-) 

Somrya, T. “ Rapid Analysis of Iron and Steel.” [In Jap- 
anese]. First published 1946; revised 1949. 8vo, pp. vii 
+ 144. Illustrated. 1949: The Japan Society for the 
Promotion of Science. 

THOMSEN, T.C. “ The Practice of Lubrication.” An Engineer- 
ing Treatise on the Origin, Nature and Testing of Lubri- 
cants, their Selection, Application and Use. Fourth 
edition. Pp. 617. Illustrated. New York, Toronto, 
London, 1951: McGraw-Hill Book Co. (Price $8) 
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Because the 


B.O.C 


CUTOGEN 


made it movable! 


Cut into movable pieces this old cast iron base immediately became 
valuable scrap—11 tons of hard cash! The breaking up was quickly 
and easily done with the B.O.C. ‘ Cutogen ’” hand-cutter. 

With its accurate one-piece nozzle, and finger-tip control of fuel 





gas and oxygen, the Cutogen is the lightest, and easiest-to-use of all 
oxygen cutters. Wherever iron or steel has to be cut, this robust 
B.O.C. cutter quickly pays its way. 


(0) THE BRITISH OXYGEN CO LTD 


LONDON & BRANCHES 
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Arrol: 


In stockyards, melting shops, rolling mills, foundries and forges, 
Arrol equipment handles materials efficiently at every stage from 
intake of ore to production and conversion of the finished metals. 





Steelworks Handling Plant 


The photograph is of an 
Arrol soaking pit charging 
crane engaged in handling 
ingots into and out of the 
soaking pits preparatory 
to rolling. 











transporters for ore, coal, coke etc ; magnet cranes; ladle cranes ; 
& forge cranes with powered turning gear; general service cranes ; 
overhead and ground type furnace charging machines ; steel framed 
buildings ; mechanical and hydraulic engineering work; H.P. 
e hydraulic pumps ; hydraulic presses and motors ; storage bunkers. 





SIR WILLIAM ARROL & CO. LTD. GLASGOW 


Hopwood 
December, 1952 
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Splendid Insulation 


deterioration over a fixed time. By 
prolonging these tests Shell have 


The making of insulating oil is one 
of the most delicate jobs in the 
refinery. The slightest particle of 
foreign matter, the minutest drop- 
let of moisture must be detected and 
abstracted before the oil can be 
considered suitable for use in trans- 
formers, switchgear and capacitors. 

In developing the purest insulat- 
ing oils, Shell have brought research 
precision to the actual refining pro- 
cesses. And this close link between 
research and practice is maintained 
all the time because Shell believe 
that even the best can be bettered. 

There are standard tests for insu- 
lating oil but for Thornton these 
are only the beginning. There 
is, for instance, a test for each 
specification to ensure minimum 
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learnt much of practical value 
about the deterioration/time re- 
lationship. 

Two Shell experts designed and 
built a vacuum _ pre-treatment 
apparatus for filtering, dehydrating 
and degassing oil. This enabled 
them to assess in the laboratory 
what the properties of the oil would 
be when the user had applied 
similar pre-treatment on a big scale 
in practice. 

Another Thornton special is a test 
in which oil is forced to oxidise 
rapidly to assess its lasting proper- 
ties. This is only one of a number 
of oxidation tests which produce in 
a matter of weeks the effects of 


INSTITUTE 


years of operation under the 
severest practical conditions. 

Shell’s specialised research work 
is continuous, thorough and wide- 
ranging. It is the background to 
Shell leadership in electrical oils. 

Shell’s laboratories at Thornton, 
Cheshire, cover an area of 800,000 
sq. ft. and are manned by a staff of 
over 800—that’s how Shell makes 
sure. 
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Steelworks 
Contactor 


One of the many control 

boards together with control desks 

supplied to The Steel Company of Wales Limited for 

their Coiling, Cut Up and Finishing Lines at their Abbey Works. 


Consultants: McLellan & Partners. 


CONTACTOR SWITCHGEAR LTD 


BLAKENHALL WOLVERHAMPTON ENGLAND 


Telephone: Wolverhampton 25111 (5 Telegrams: TACTORGEAR Wolverhampton 





December, 1952 














JOURNAL OF THE 












WINCOTT 


G.P. WINCOTT LIMITED 
Jelegrams: WINCOTT, SHEFFIELD. 
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These two coke-oven gas fired forge furnaces are part 
of a battery recently installed by us in the new press 
forge at the works of Messrs. Steel, Peech and Tozer, 
Sheffield. Each furnace has a working hearth of 8’ 0” 
wide x 15’ 6” long and is capable of heating octagonal 
ingots up to 63” dia. 

Full instrumentation ensures accurate repetition of 


heating conditions. 








SHEFFIELD, ENGLAND 
Telephone:202I/2 
$B.W.12 
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in SHAPE & SIZE 
in TEXTURE 
in PERFORMANCE 


In rectangular or special shapes... in Silica, 
Magnesite, Chrome Magnesite or High Alumina 
... P. H. Refractories maintain a consistently 
high standard. Care of manufacture, highest 
quality materials, and up-to-date plant, all go 
to produce refractories to the exacting require- 
ments of the Steel Industry. 







CONSISTENT 










Pickford Holland & Co. Ltd., Sheffield. Telephone 4119] 
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BRITISH PAINTS 


PORTLAND ROAD, NEWCASTLE UPON TYNE, 2. Tel: 25151. 
CREWE HOUSE, CURZON STREET, LONDON, W.1I. 


makes 


MIRACULUM 


RED LEAD FILLER 


OBVIOUS CHOICE 
FOR LASTING 
STEEL PROTECTION 


Miraculum is every bit as efficient as 
genuine red lead, plus these important 
advantages. It covers twice the area, 
cutting material costs. Miraculum works 
so easily and smoothly labour costs are 
saved. It is regularly first choice as the 
essential protective priming coat and 
perfect second coat key for steel structures 
all over the world. Structural Engineers 
know that whichever way they look at 
it—with Miraculum they can’t go wrong. 


LIMITED 


Tel: GROSVENOR 6401-5. 
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CENTRALIZED LUBRICATION 


TANWAY LTD., BARNBY DUN, DONCASTER, 
ENGLAND 





























Structural Steeliworl: 
Colliery Arches 
Forging Blooms 
Sections 
Joists 

Slabs 










Works and 
Head Office :— 
FLEMINGTON 
MOTHERWELL 


Phone: - Motherwell 347 
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Brainwaves? 






In G.E.C. fittings... 
Switch to fluorescent lighting . . . 


With Osram Tubes .. . 








Get in touch with the 


GEC. Lighting Service... 


Fluorescent 


Is your lighting really effective and economical ? For instance, 
" . a modern fluorescent installation would cut your 
ligh cing ? consumption of current by over half, for the same amount of 
light as you are now getting. Alternatively. you could 
have over double the light at no extra cost ! The people to 
guide you are the G.E.C., pioneers of fluorescent lighting and 
the first to establish an Advisory Lighting Service with every 
technical help on call. Gentlemen, you'll save a lot 


of talk .. . if you see the G.E.C. first. 


tubes in 


fittings 


THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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HARDENING 
HIGH SPEED 


STEEL 


The use of con- 
trolled atmosphere 





in various heat treat- 
ment procesess is 
now firmly estab- 
lished and this is 








especially important 
in the hardening of 
high-speed steel. 


The illustration shows a 
typical installation of 
gas-fired furnaces for 
this purpose. 

















Conse4€ BRITISH FURNACES LTD. CHESTERFIELD 


Associated with SURFACE COMBUSTION CORPORATION, TOLEDO, U.S.A. 
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CROSSLEY 
Del Slee ENGINED 
LOCOMOTIVES 


Crossley Diesel Engines for Main Line Locone. 
e @ ] R tives have been ordered by Metropolitan- 
Vickers for Western Australia. 


h Ww E Ss TE Rp Rk ‘Eight cylinder, two cycle Vee engines 1105 - \ 


B.H.P. service rating. Ae 


\AUSTRALIA aa a 


CROSSLEY BROTHERS: LIMITED 1 
OPENSHAW MANCHESTER - 
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Test hench for final test of dynamos at C.A.V. Lid 


How much time does testing take? 


Testing will always be an important, though unproductive, aspect of 
factory production. And, because it is unproductive, it should occupy 
the least possible time consistent with accuracy. In your works, are 
your test methods as quick and foolproof as they might be ? There are 
many improved electrical test methods which can offer you faster, more 
certain non-destructive testing, which can be operated by the unskilled, 
and which are suitable for single or multiple tests. It might pay you to 
investigate these ways to make the efficient use of electricity increase 
productivity. 


Electricity for PRODUCTIVITY 


December, 1952 


WHERE TO GET MORE INFORMATION 
Your Electricity Board will be glad to help you get 
the utmost value from the available power supply. 
They can advise you on ways to increase production 
by using Electricity to greater advantage — on 
methods which may save time and money, materials 
and coal, and help to reduce load shedding. Ask 
your Electric Board for advice: it is at your 
disposal at any time. 


Issued by the British Electrical Development Association 
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Ti BAKER PLATINUM LIMITED 


10 O XO 


CATALYTIC GAS PURIFIER 


The Baker ‘ Deoxo’ Gas Purifier provides a highly efficient 











and trouble-free catalytic method of removing unwanted 
oxygen from hydrogen. Also the removal of either of these 
gases from Nitrogen, Argon, Helium, Neon, Carbon 


Dioxide, and saturated hydro-carbons. The ‘Deoxo’ standard 





Purifier will remove up to 1% oxygen or 2% hydrogen. 





Model 


5 c¢.f.h. 





High purity is consistently produced, the remaining impurity 





being less than one part per million (.0001%). 


OPERATIONAL ADVANTAGES im oe eee 


lication, giving full details of the 


‘ 
. 


As catalytic reaction commences at room temperature, this 
*DEOXO’ process, will be forwarded 





purification system offers the following advantages :—NO 

a y : . - li . . on application. 

, on td > -e ae) ’ \ r rec y we) -- e 
auxiliary heating require¢ NO water cooling require¢ Vickie alin: ak tee 
NO operating expenses ¢ NO maintenance expenses. available for consultation and advice. 





1000 c.f.h. Model 


BAKER PLATINUM LTD., 52 HIGH HOLBORN, LONDON, W.C.1. CHAncery 8711 
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Because furnaces and kiins 

lined direct'with Super H.T. 

consume up to 333°, less fuel 

than similar units lined with 

refractory. Super H.T. Bricks 

possess insulating values up to five 

times as great, combined with a heat 

storage capacity less than half that of 
firebricks. ; 

An integral part of a comprehensive range of 
insulating bricks designed to cope with all temperatures 
and conditions Super H.T. has a maximum temperature 
limit of 1350°C. 


MEDIAL o. | SUPER H.T. 
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CONTACTOR CONTROL 
for Cranes 


Shag: 
Yn | 
an fi 


Main illustration shows an Appleby-Froding- 
ham Steel Company’s 100-ton ladle crane 
fitted with BTH contactor equipment. Illus- 
trated below is a typical enclosed DC control 
panel with dynamic braking and potentiometer 
lowering feature for crane hoist service. 

For more than forty years BTH has held a 
position of leadership in the development of 
automatic “‘finger-tip” control of heavy elec- 
tric plant through the medium of contactors. 
These contactors, designed by experts, are 
proved by protracted “‘life tests” before going 
into service. 








Where only the best is good enough— 
Specify BTH Contactor Control. 


THE 


BRITISH THOMSON-HOUSTON 


COMPANY LIMITED, RUGBY, ENGLAND 


Member of the AEl group of companies 
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Clear the Air? 





HILLS VENTILATING SHUTTERS 
have been designed to provide the simplest, 
most effective system of ventilation for 
foundries, moulding shops, rolling mills, 
factories, etc. 

At the touch of a button—in scarcely more 


than 60 seconds—the controlled louvre normal production. Once installed they 
shutters open wide to the sky to draw off are positively trouble-free in operation and 
fumes, steam, dust and overheated air and require virtually no maintenance. * Products of Hill's 
to admit natural daylight. When closed For advice on installing efficient ventilation ne del lata ened 
4 « . 
they are completely weathertight. in a new building—or on improving an Glazing (Lead «clothea 
: srs er $ , Alummmum & Gulvanis: d 
The shutters are quickly and easily install- existing one—write to our Technical Stet Bas)  Laniern 
. ‘ . . " Lights, Accordo Blinus, 
ed in any type of roof without disturbing Advisory Department. etc. 


SEEDER =, VENTILATING SHUTTERS 


HILLS (WEST BROMWICH) LIMITED, ALBION ROAD, WEST BROMWICH Phone: WESt Bromwich 1025 (7 lines) 
LONDON: 125 HIGH HOLBORN, W.C.1 Phone: HOLborn 8005/6 a 
tlton 








HEAVY DUTY MOBILE PIG CASTING MACHINE 








Illustrated is the Type B 
Heavy Duty Mobile Machine 
for the production of pig- 
iron. Fitted with 72 moulds 
it can be arranged to travel 
either longitudinally or 
transverse, or as a static unit 
to suit shop layout. This type 
of machine is particularly suitable 
for the mechanised production of re- 


“Sheppard” Pig 
Casting Machines 
are available to 
handle a wide range 
of conditions and outputs and are 
the most efficient and reliable 
equipment for transforming molten 





fined iron ingots and special alloy irons. metal into the solid form. — 
The design incorporates variable mould speed, water The Machine illustrated is particularly 

cooling of the ingots, mould spray coating apparatus and WHY NOT suitable for small outputs of refined 

ejector gear. The floor space occupied is 19’ 6” x 7’ 3’. CONSULT US? and special alloy irons. 























Write for our Telephone : 
Ingot Casting or 
het IDOI EMCO BIER | PRIDGEND 567 (5 tines 
BRIDGEND T 
GLAMORGAN SOUTH WALES Telegrams : oie 
ESTABLISHED 1862 “SHEPPARD, BRIDGEND” 
IRONFOUNDERS, HEAVY GENERAL, STRUCTURAL & MECHANICAL ENGINEERS 

D2M.8 
December, 1952 Dec« 
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Equipment in a cold strip mill 


The ENGLISH ELECTRIC Company has 
specialised for many years in the design 
and manufacture of equipment for driving 
cold strip mills. 

One of the most recent installations is the 
No.6 strip mill at the Falkirk Works of 
the British Aluminium Company Limited, 
part of which is shown in the illustrations. 
Three 500 h.p. 410/920 r.p.m. D.C. motors 


drive the 3-stand tandem mill which 
handles aluminium and its alloys in widths 
up to 38in. at speeds up to 800 ft/min. 
A 194 h.p. 470/1200 r.p.m. D.C. motor 
with magnavolt control drives the coiler. 
‘ENGLISH ELECTRIC’ supplied all the 
electrical equipment for this mill, there 
now being seven cold strip mills in this one 
factory with ‘ENGLISH ELECTRIC’ drives. 


ENGLISH ELECTRIC 


rolling mill drives 








THE ENGLISH ELECTRIC Company LIMITED, QUEENS HOUSE, KINGSWAY, LONDON, W.C.2 
Metal Industries Division, Stafford 


WORKS: STAFFORD 


DRM.8 
December, 1952 


PRESTON ° RUGBY 


BRADFORD LIVERPOOL 


ACCRINGTON 
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removed and refitted in a few minutes, 
without the necessity of dismantling COUPLINGS — 
GEAR WHEELS or other Parts, thus providing 
EASY and QUICK MAINTENANCE 
Flange-Type split seals are available for shaft diameters up to 30’ 


HEAVY DUTY SPLIT SEAL 





“ GHARLES WESTON & CO LTD (RELL BARK WORKS D 
PENDLETON SALFORD 6 Phone PENDLETON 2857-8-9 P. 2063 





BIRMINGHAM: MIDLAND 6952 LONDON: HOLBORN 0414 


SPECIALISE ® eeER VIC € TO INDUSTRY 


DARWIN 





“HIGH SPEED STEELS + TOOL BITS + ALLOY TOOL STEELS 


HEAT RESISTING ALLOYS + CASTINGS + STAINLESS STEEL > 


+ MAGNETS + AIRCRAFT & AUTOMOBILE STEELS * HACKSAWS 


Feereoreeeee 
DARWINS LTD. TINSLEY, SHEFFIELD 





D9 
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White Elephants in the form of obsolete plant and machinery are big game 
well worth the hunting. Track them down, turn them out, scrap them to 
make the new steel you need so urgently. Remember—scrap is worth its 
weight in steel—and every ton counts. 


MIDDLES- MILFORD INVER- BRITON FERRY 
BROUGH HAVEN KEITHING Briton Ferry 3166 
Middlesbro’ 3481 Milford Haven 76 Inverkeithing 460 





| Ask for the SCRAP MANAGER | 





BIRMINGHAM BARROW LIVERPOOL MANCHESTER 
Victoria 2954 Barrow 275 Bootle 3385 Blackfriars 6348 
PRESTON BRISTOL LONDON WISHAW 
Preston 86285 Bristol 53253 Temple Bar 1515 Wishaw 26 


FHO: W. WARD LID 


ALBION WORKS - SH EFFEE & ED 


TELEPHONE 26311 (22 LINES) - TELEGRAMS FORWARD SHEFFIELD 


LONDON OFFICE: BRETTENHAM HOUSE - LANCASTER PLACE - STRAND -W.C.2 
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WEYROC large-form 
Man-made Timber presents 
exactly those advantages needed 

for the erection of efficient storage racks. 

It can be cut readily into the large pieces 
required and is capable of supporting reasonable 
loads. In particular, the ease and speed with which it 
can be worked make it a perfect partner to the 


““Dexion” type of flexible shelf and rack framing. 


weyrec 


MAN-MADE TIMBER 
in boards 8’ x 4’ x 4” and 3” 


is available licence-free in 
any quantity for — 


SHELVING + PARTS BINS + BENCHES 
PARTITIONS - MACHINE HOUSINGS : ETC. 


Full specification and particulars of distribution from 


The Airscrew Company & Jicwood Limited-Weybridge- Surrey 


Telephone: Weybridge 1600 Telegrams: Airscrew, Weybridge 


O8 















Olt 
trial 
for 

“life” 


Photograph reproduced 
by courtesy of Messrs. 
Newton Victor Limited. 


This is an important occasion; everything hangs on the 
verdict—not only the life of the component itself but all 
the other lives that may depend on its soundness. 

In this case, nothing is being left to chance; the cross- 
examination is being competently handled by an ILFORD 
Industrial X-ray film. 

There is an ILFORD film for every type of radiographic 
examination and every kind of subject. The ILFORD 
Radiographic Department will be pleased to give advice 
and information on the correct film, screen and technique 
to suit any particular conditions. 


@ ILFORD INDUSTRIAL X-RAY FILM TYPE A 

A general-purpose film whose very high speed, exceptional latitude 
and good contrast when used with calcium tungstate screens make it 
particularly suitable for the examination of ferrous welds and heavy 
castings whether with X-rays or gammia rays. 


@ ILFORD INDUSTRIAL X-RAY FILM TYPE B 

A fast film designed for direct exposure to X-rays or for use with lead 
screens. Recommended for the radiography of a wide range of castings 
and welds in light alloy or steel wherejthe aim is the detection of fine 
detail with economical exposure times. 


@ ILFORD INDUSTRIAL X-RAY FILM TYPE C 

A special high-contrast, direct-exposure film of medium speed and 
extremely fine grain, specifically intended for the radiography of 
magnesium and aluminium castings where very fine ia maa be 
recorded, and for the examination of all materials having a low X-ray 
absorption coefficient. 


@ ILFORD INDUSTRIAL X-RAY FILM TYPE G 
A new ILFORD product and the fastest film yet made for use with or 
without lead screens. Three times as fast as the Type B film, yet with 


very little increase in graininess, it is ideal for the examination of heavy 
castings and assemblies in steel or bronze either with X-rays or gamma 


ILFORD 


Industrial X-ray Films 


ILFORD LIMITED + ILFORD - LONDON 
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Photograph by courtesy of 
Messrs. Walter Somers Ltd. 


Furnace doors are of many designs and each one presents its own particular problem. 
The door illustrated consists of nine tongued and grooved blocks approx. 3’ 0” square x 9” 
thick, each having four steel bolts bound with asbestos and moulded in for mounting ona 
fabricated steel frame. The-bottom of the door is fitted with six haematite cast iron feet for 
resting on the end of the furnace bogie. Furnace doors present one of the simplest means of 
proving the advantages of Refractory Concrete. They can be cast quickly and a layer of 
insulating concrete can be incorporated if desired. Refractory Concrete is ready for use 
and of great strength and hardness in 24 hours, can be cast to any shape, requires ao 
pre-firing, is stable under load up to 1300°C., and has no appreciable after-contraction. 
Refractory Concrete is useful for foundations, door linings, repairs to producer linings, 
charge hole blocks, retort setting, flues, retort house quenching floors, coke shoots, top 
paving, carburetter head tiles, dampers, lids, brick setting, crucible furnaces, melting 
furnaces, coke oven doors, coke oven pipe linings, furnace arches, etc. 


Please write for further details and literature 








LAFARGE ALUMINOUS CEMENT COMPANY LIMITED, 73, BROOK STREET, LONDON, W.1. Telephone: MAYfair 8546 
Q 3-1131 
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BOWDEN-JACKSON (CONSTRUCTIONS) LTD 


See 


— 


Gettmg 4 Standa | 
| "a Engineering Ghill 


The A.W. policy is one of development and expansion ; 
constant research is carried out to improve manufacturing 
techniques. This skill and resource is playing its part in 
producing engineering work of outstanding quality. The 
equipment and craft from which it is born is second to none. 
No matter whether your requirements are the largest or the 
smallest, and whatever the problems involved, you can call in 
Armstrong Whitworth with every confidence. 


SIR W.G. ARMSTRONG WHITWORTH 


& CO. (IRONFOUNDERS) LTD. 
11 Ton Casting for 74in. CLOSE WORKS, GATESHEAD-ON-TYNE. 
Telescope. — 
In Association with :— 
JARROW METAL INDUSTRIES LTD., WESTERN ROAD, JARROW. 
December, 1952 
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EQUIPM 


for the Tube | 





High Speed Tube Straighteners—for terrous and 
non-ferrous tube }{’’ up to 18” diameter with non- 
adjustable or adjustable angle driving rolls. 


Tube Saws—High Speed Rocking type Saws and 
Flying Saws. 


Close Joint Tube Forming Machines in three sizes 
from }” to 5” diameter tube. 


Tube Forming and Welding Equipment—for the 
production of close joint or welded tube from 
}” to 6” diameter—with Sizing and Cutting-to- 
length Equipment. 


Tube Testing Machines—-for water testing of tubes 
2’ to 6” diameter— with hand or power operated 
Pumps and control gear. 


Expanding and Reducing Machines in sizes to 
handle from 3” to 6” diameter tube. 


Drawbenches for tube, bar andjsections, standard 
and special purpose benches. Multi-speed or 
variable speed drive, from 3 to 60 tons pull. 
Also complete Butt Weld Tube Plant for the 
production of tube from hot skelp. 





Bigwood Tube and Bar Branding Machines ¢ Roller Section 
Straighteners ¢« Bar and Billet Shears «¢ Bulldozer Bending and 
Forging Machines « Centreless Bar Turners ¢ Roller Plate Bending 
and Straightening Machines « Friction Screw Presses ¢ Gangslitters ¢ 
Sheet and Plate Levellers « Guillotine Shears * Bending and 
Straightening Presses « Hydraulic Sheet and Section Stretchers ¢ 
Section Bending Machines ¢ Reeling Machines 


JOSHUA BIGWOOD & SON LIMITED +» WOLVERHAMPTON 


December, 195? 
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seen ironfounders to aveld hot tears 
ai eenteeeen vars _ STN TEE 
f For service & information write to:— 


THE FULLERS’ EARTH UNION LTD 


Patteson Gourt, Redhill, Surrey. Telephone: REDHILL 3521 


















Brands : 


- ; 
Pig Tron ‘GarsHerric’ - EGLINTON’ 
“BAIRDS_ H.P.” 

Foundry - Forge - Hematite - Basic - High Phosphoric 


FOR INDUSTRIAL AND 
Coke Nuts DOMESTIC PURPOSES 
€ é 
Lime & Limestone 


BAIRDS & SCOTTISH STEEL LTD 
mma mel 


Steel open HEARTH PROCESS 
Blooms, Slabs, Billets and Sheet Bars; 
Light Rails and Rolling Stock Sections; 
Bars, Hoops and Strips; Reeled Bars; 
Splayed Coopers and Baling Hoops. 














































































































Pig Iron, Coke Nuts, 
Lime & Limestone 


168 WEST GEORGE STREET Wrought Iron Bars, Angles, Tees, 


GLASGOW, C.2 ‘ 
Channels, etc.; Tube Hoops, Horse Shoeing Bars, 
Wrought Iron and Steel Tyre Bars. 
53 BOTHWELL ST. - GLASGOW, C.2 
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for desulphurising 


blast-furnace or cupola-melted cast iron 


1.C.1. Technical Representatives will be glad to advise, on request to: 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON, S.W.1 
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“A” Furnace, Vanderbijl Park, South Africa 
Built by Ashmore, Benson, Pease & Co., Ltd. Stockton-on-Tees | 











LAMBERTON 


ROLLER STRAIGHTENING MACHINE 


HANDLING JOISTS UP TO 24’ x 7; 
ANGLES TO 9 x 9 RAILS TO 130lbs PER YARD 


It is driven through change-speed gear box by variable 
speed motor and has power operated roll adjustment 


Rolling Mills and Associated Plant, LAMBERTON & CO. LTD. 
including Heavy Duty Hot Saws 
and Shears of all kinds. COATBRIDGE 


SCOTLAND 


Outside back cover 
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